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PREFACE 


Thb  purpose  in  preparing  this  book  has  been  to  assemble  the  ideas 
of  a  large  number  of  men  who  are  recognized  authorities  in  their 
respective  lines  and  thus  produce  a  volume  which  would  represent 
modem  American  methods  and  processes.  It  has  been  the  aim  of  the 
authors  not  to  give  undue  attention  to  minor  details  in  order  that  the 
student  may  more  fully  appreciate  the  fundamental  principles  set  forth. 
The  subject  matter  is  essentially  descriptive  without,  however,  omitting 
the  theoretical  considerations  necessary  for  the  proper  understanding 
of  the  subject. 

The  editors  a.sk  the  indulgence  of  the  reader  for  any  errors  or  omis- 
sions that  occur  in  the  present  volume.  In  a  work  of  this  character, 
covering  so  wide  a  range,  frequent  revisions  will  be  necessary,  and  they 
will  be  grateful  for  any  suggestions  with  this  end  in  view  that  may  be 
submitted  to  them. 

The  authors'  acknowledgments  are  due  to  the  various  manufacturers 
who  have  furnished  cuts  of  their  machinery;  to  Mr.  George  C.  Abbe 
for  his  aid  in  the  preparation  of  drawings;  and  to  Mr.  Charles  M.  Allen, 
who  has  given  valuable  assistance  in  the  preparation  of  the  manuscript. 

Allen  Rogers,  Brooklyn,  X.  Y 
Alfred  B.  Aubert,  New  York  City. 
May  1,  1912. 
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Grinding.  One  of  the  most  important  operations  which  we  encounter 
in  chemical  industrj-  is  that  of  grinding.  \ot  only  must  the  raw  material 
l)e  reduced  to  a  etate  of  fine  division  before  it  can  be  used,  but  the  finished 
product,  in  many  instances,  must  lie  placed  on  the  market  in  the  form  of 
a  fine  powder  or  paste.  The  results  to  Ije  secui-ed  dejiend  entirely  upon 
the  nature  of  the  material  and  the  purpose  for  whiili  it  is  to  l>e  employed. 
There  are  two  general  divisions,  however,  of  grinding  machines:  those 
which  are  used  for  crushing  and  coarse  grinding,  and  those  which  produce 
a  fine  powder. 

Jaw  Crusher.  The  simplest  and  least  exjwnsive  form  of  cnishei- 
in  use  is  that  known  as  the  jaw  cnisber,'  I'ig.  I.     It  consists  of  a  stntion- 


I''.o.  1. 
ary  steel  plate  against  which  a  corresponding  steel  jaw  works  on  a  cam, 
thus  giving  ii  rolling  motion.     This  form  of  machine  is  capable  of  crushing 
the  hanlest  of  materials.     The  working  parts  may  be  regulated  by  mpan.s 
of  an  adjusting  screw,  so  as  to  give  a  coarse  or  fine  piY)duct  as  desired. 

1  Sturlevint  Mill  Co  .  BoMon,  Mm». 
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Crushing  Rolls.^  This  type  of  nmchiiie  is  employed  quite  extensively 
for  reducing  tiie  product  of  the  jaw  crusher  to  a  finer  state  of  division, 
or  for  soft  materials.  Its  construction  is  well  illustrated  in  Fig.  2, 
w'liirh  consists  of  two  plain  or  corrugated  rolls  held  on  a  firm  foundatioD. 
The  cover  opens  as  shown,  and  carries  the  side  plates  and  hopper,  thus 
making  the  parts  easily  accessible  for  cleaning. 

Rotary  Fine  Crusher.'  For  rocks  of  moderate  hardness  the  rotarj- 
crushers  are  almost  universally  used.     These  machines  are  provided  with 


double  doors  that  carry  all  of  the  grinding  parts,  and  swing  open  as  ea.sily 
as  the  doors  of  a  sufe,  thus  at  once  exposing  every  part  to  inspci'tion. 
They  are  built  with  capacities  of  from  2  to  30  tons  per  hour.  Thej-  may 
be  regulated,  while  running,  for  fine  or  coarse  work  by  turning  the  adjusting 
wheel,  Fig.  3. 

Disintegrator.^  This  tyiw  of  machine,  also  known  as  pulverizing 
mill,  is  especially  adapted  for  such  materials  as  arc  of  a  lumpy  nature, 
such  as  dry  colors,  soft  pigments,  borax,  sulphur,  starch,  etc.;  also  for 
mixing  dry  materials,  such  as  fertilizers,  for  example.     The  construction 

'  Sturtcvint  MitI  Co..  Boslon.  Mbw,  '  Cbas.  ItosB  A  Sod.  Rronklyn,  N.  V. 
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of  this  machine  is  verj-  simple,  as  will  be  seen  fconi  Kig,  4  and  5.  The  steel 
cages  run  at  a  very  high  speed  in  opposite  directions,  thus  driving  tlie 
material  through  the  steel  bars  hy  centrifugal  force,  and  poupding  it  to 


Firi.  :t. 
a  iM)«-der.     They  are  ver;:  strongly  built;  and  nia>-  lie  vcr\-  easily  and 
<iuickly  cleaned  by  taking  off  the  top  half  of  the  casing,  removing  the  bolta 
holding  beaiing  frames  to  bed  plate,  then  drawing  frame  and  cages  apart 
by  tail  screw,  as  shown  in  the  illusti-ation. 


Fill.  4, 

Chaser.i     There  are  many   materials  wliich,  owing  to  their  peculiar 

nature,  cannot  be  crushed  bj-  means  of  the  machines  descril>ed  above. 

Such  substances  as  seeds  and  drugs  are  best  powdered  by  means  of  the 

chaser.     It  is  also  employed  in  mixing  loams  for  use  in  foundries,  for  mix- 

i  ChM.  Rom  &  Son.  Brooklyn.  N.  Y, 
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ing  mortar,  antl  for  niixinj;  and  rrushing  in  a  semi-dry  state.  The  chaser, 
Fig.  6,  is  construt'tod  with  a  stone  or  steel  l)ed  on  which  rotates  one  or 
two  "  edge  nmnei-s  "  or  "  travelers."  The  travelers  are  driven  by  a 
vertical  shaft,  which  is  made  of  proper  length  to  suit  the  height  of  the 
ceiling  or  room  in  whiih  it  is  set.  An  arm  provided  with  a  scraper  travels 
just  in  front  of  the  mnnei-s,  which  brings  the  material  under  the  heavy 
rollers,  while  the  whole  is  sot  in  a  pan  arrangeil  with  a  gate  for  discharging. 
Burr  Stone  Hills. ^  For  fine  grinding  of  diy  or  wet  materials  stone 
mills  are  most  eonmionly  eniploj'cd,  and  are  exceedingly  well  adapted 
for  the  purpose.  Figs.  7  and  S  show  the  horizontal  burr  stone  mill  and 
the  mider-driveii  dn'  mill.     F,ach  form  is  provided  with  a  hopper  into 


Fl<^  .i.-topHi). 

which  the  cnished  material  is  fed,  vvherc  it  is  transferred  by  centrifugal 
force  to  the  effective  jjarts  of  the  stone.  Fig.  !l  shows  a  rational  arrange- 
ment for  crushing,  grinding  and  packing  of  diy  materials.  Many  mills 
are  provided  with  cooling  arrangements  to  pi-event  the  excessive  genera- 
tion of  heat.  This  is  especially  necessarj'  in  the  grinding  of  paste  colors 
or  paints,  and  is  well  illustrated  in  Fig.  10.  which  shows  the  Hoss  Improved 
Paint  and  Color  Mill  as  ready  for  work. 

Ball  Mills.'  There  are  various  types  of  these  mills  on  the  market.  Tliat 
shown  in  Fig.  II,  consists  of  a  cylinder  of  ca.st  iron  having  an  opening 
on  the  side  through  which  is  placed  the  charge.  The  door  covering  this 
opening  is  dust-tight  and  is  held  in  position  by  means  of  two  steel  clamp 
nuts.  Inside  of  the  cylinder  is  a  large  iron  ball  which  rotates  when  the 
cylinders  are  revolved,  and  by  means  of  which  the  grinding  or  pidverizing 
is  done.  The  i)ulverizetl  material  is  all  retained  in  the  cylinder,  therefore 
nothing  is  lost  by  the  floating  away  of  dust. 

1  ChBS,  Rom  &  .Ign.  Brooklyn,  N'.  Y. 
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Pebble  Hills.'  Pebble  mills  grind  principally  by  friction,  the  effect 
being  produced  by  the  sliding,  tumbling  and  rolling  inside  of  the  mill  of 
a  great  number  of  flint  pebbles  or  porcelain  balls  which  are  mixed  with 
the  substance  to  be  groimd,  and  the  movement  being  caused  by  revolving 
the  mill  at  a  regulated  speed.   As  pebble  mills  are  not  crushers,  all  material 


FiQ.  6. 
should  be  crushed  to  a  certain  degree  of  fineness  bt-foi-e  being  chained 
into  the  machine.      The  mill  shown   in   Fig.   12  is  lined  with  vitrified 
porcelain,  thus  presenting  a  grinding  surface  which  will  neither  contam- 
inate nor  discolor  the  material  being  pulverized. 

Tube  Mills.'     The  general  principle  of  giinding  employed  by  the  tul>o 
mill  ia  the  same  as  in  the  ordinary-  pebble  mill,  the  difference  being  that 

I  Abb*  Engineering  Co..  Mew  Yoik  City. 


INDUSTRIAL  CHEMISTRY 


GENERAL  PROCESSES 


4 


bC 


O 


s 

*   i 


< 


• 


ttf) 


O    bO 

u   S 
O     ^    d 

s  .S 

9  J?  "3 


o 


INDUSTRIAL  CHEMISTRY 


GENERAL  PROCESSES  9 

the  material  to  be  ground  in  the  tube  mill  is  fed  in  at  one  end  and  is  deliv- 
ered as  a  finished  product  at  the  other,  the  fineness  of  the  product  being 
regulated  simply  by  the  speed  at  which  the  raateiial  is  fed  into  the  machine. 
Tlie  slower  the  feeding  tlie  longer  the  material  receives  the  action  of  the 
pebbles  and  the  finer  the  dis<-hargcd  product  will  be.  To  make  a  coarse 
material  the  feeding  is  increased.  Fig.  13  shows  the  .\bl)^  Tire  Style 
of  tube  mill,  4  ft.  6  in.  in  diameter  by  20  ft.  long.      . 

Some  of  the  more  modem  forms  of  lu!>e  mills  are  provided  with  a 
"  Spiral  Feed,"  Fig.  14.  By  means  of  a  crescent -shaped  opening  located 
where  the  spiral  starts,  a  certain  quantity  of  the  material  is  allowed  to 
enter,  and  as  the  machine  revolves  this  tia\els  fonv'ard  until  it  readies 
the  center,  where  it  enters  the  grinding  chamber.  Tims  after  two  or 
three  revolutions  there  is  a  constant  feed  of  a  regular  aniount  of  material. 


Fi<!.  12. 
From  the  grinding  chamber  the  product  passes  thraugh  a  perforated  plate 
into  a  reverse  spiral  and  thence  discharged  from  the  center  of  the  machine. 
In  this  way  all  labor  of  shoveling  pebbles  is  avoided. 

Roller  Hills.i  For  the  grinding  of  lithographic  inks,  colors  in  varnish, 
chocolate  and  many  other  pasty  materials  the  abo^'e  methods  cannot 
be  satisfactorily  employed.  The  roller  mill  obviates  the  difficulties 
encoimtered  and  is  largely  used  for  the  purposes  mentioned.  In  their 
consf ruction  these  machines  usually  cmsist  of  three  steel  rolls,  which 
rotate  at  different  speeds,  tlius  passing  the  product  to  tlie  front,  where 
it  is  detached  by  means  of  a  scraper,  and  falls  onto  the  apron.  By 
means  of  adjusting  wheels  the  front  and  back  rolls  are  under  perfect 
control,  and  may  be  set  to  any  degree  of  fineness  desiird.    Fig.  15. 

SUting.i  In  those  instances  where  the  substance  being  treated  is 
ground  in  a  drj'  condition,  it  is  often  neccssaiy  to  separate  the  coarse 
from  tlie  fine  material.     This  is  accomplished  by  the  use  of  sifting  or 

iChM,  Ross  *  Son.  Brooklyn,  X,  V. 
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bolting  machinef  'here  being  numeioiis  forms  and  styles  employed  for 
the  purpose.  Ti  degr'ee  of  fineness  js  legiihitpd  by  using  either  wii'e 
sieves  or  bolting    'otli.     In  all  cases  the  ground  miLterlHl  enters  the  ix'el, 


Fin.  U— Spiral  Vend. 

and  as  this  rotates  the  fine  powder  passes  through  the  meslios.  leaving  tlie 
ooarse  particles  in  the  i-eel.     See  illustration,  Fig.  Ifi. 

Sedimentation.     In  onler  to  oveiromr  the  annoyance   and  Uiaa  caused 
by  flying  dust,  nian\-  niatei-ials  are  ground  in  water.     As  the  resulting 


turtiid  liiiuid  conies  from  the  mill  it  is  alhiwed  to  flow  into  the  fir:<t  of  a 
series  of  tanks,  whei*  the  coarser  and  heavier  j)artitle8  rapidly  siibsitle, 
leading  the  finer  substance  in  suspension.      The  li()uid  is  then  drawn  to 
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the  second  tank,  where  it  is  allowed  to  remain  somewhat  longer  than  in 
the  first  tank.  In  each  of  the  subsequent  tanks  the  liquid  is  allowed  to 
remain  for  a  longer  period  than  in  the  one  previous,  thus  giving  various 
degrees  of  fineness  to  the  resulting  product,   the   coarse   particles   being 


i-etumed  to  the  mill  for  further  grinding,     This  operation  is  sometimes 
spoken  of  as  "  icvigatioii." 

Filtration.  By  this  prot'oss  is  meant  the  separation  of  suspended 
solids  from  a  liquid,  and  often  presents  grave  dlHieuities;  especially  ia 
this  so  when  working  with  lai'ge  volumes.     The  medium  em])loyed  may 
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be  paper,  cloth,  cotton,  wool,  asbestos,  slag  or  glass-wool,  unglazed  earth- 
enware, sand  or  other  porous  material. 

Ribbed  FUter.  For  handling  small  amounts  of  material  the  ribbed 
filter  is  very  convenient,  and  consists  in  folding  an  ordinary'  large  filter 
in  such  a  manner  that  when  inserted  into  the  funnel  it  will  leave  canals 
along  the  side.  To  prevent  breaking  of  the  filter  the  tip  should  be  forced 
well  into  the  neck  of  the  funnel. 

Bag  Filter.  A  ven-  satisfactory'  method  of  filtering  coarse  material 
is  to  arrange  four  pieces  of  wood  as  shown  in 
Fig.  17,  and  on  the  brads  suspend  a  piece  of 
muslin  in  such  a  manner  as  to  form  a  bag. 
The  portion  passing  through  at  first  may  })e 
slightly  cloudy,  but  as  the  pores  fill  with  the 
precipitate  the  filtrate  becomes  clear. 

Suction  Filter.  This  form  of  filter  is  used 
ver}'  largely  where  it  is  desired  to  retain  the 
filtrate  as  well  as  the  solid  matter.  It 
consists  of  a  box  arranged  so  that  the 
lower  section  is  connected  with  the  vacuum  ^*^^''  ^'* 

pump,  and  over  the  perforated  l)ottom  is  placed  the  canvas  or  otiier 
filtering  medium. 

Filter  Press.^  A  very  rapid  and  convenient  method  of  filtration  is 
by  means  of  the  filter  press.  Although  they  are  all  built  on  the  same 
principle,  their  details  of  construction  varj'  to  a  marked  degree.  In  its 
simplest  form,  however,  it  consists  of  distance  frames  and  plates.  These 
plates  and  frames  rest  upon  a  pair  of  parallel  bars,  and  are  held  in  position 
by  means  of  lugs  projecting  from  each  side.  Over  the  surface  of  each  plate 
is  stretched  a  filtering  medium,  usually  cloth,  which  is  held  in  place  by 
means  of  pegs;  the  whole  being  forced  against  the  adjacent  frame  by 
means  of  a  screw  or  hydraulic  pressure.  The  material  to  be  filtered 
is  forced  through  the  channel  along  the  top  of  the  press  and  into  the 
distance  frames.  The  solid  material  is  held  back  by  the  filtering  medjum, 
gradually  filling  the  chaml)ers  and  producing  a  solid  cake.  The  liquid 
which  passes  through  the  filt<'r  is  allowed  to  discharge  into  the  channels 
along  the  lower  portion  of  the  i)ress,  where  it  may  })e  recovered  or  discarded 
as  wished.     A  standard  press  is  shown  in  Fig.  18'. 

Centrifugal  Machine.^  This  a])pliance  is  used  for  separating  liquids 
from  solids.  It  is  especially  adapted  to  the  diying  of  crystals  in  that  it 
throws  off  the  adhering  mother  liquor  In-  centrifugal  force.  It  is  also 
employed  for  dr}'ing  yams,  textiles,  wood  pulp,  sugar,  starch,  etc.  The 
centrifuge,  therefore,  is  used  more  as  a  means  of  drying  than  of  filtration. 
It  consists  of  a  cylindrical  perforated  basket  fixed  to  a  vertical  shaft,  which 
rotates  at  a  very  high  speed  (900  to  1200  revolutions  per  minute).  Fig.  19. 
By  means  of  the  centrifugal  force  generated  the  contents  of  the  basket  is 
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driven  to  the  outer  wall,  where  the  solid  material  is  detained,  and  the 
liquid  throivTi  off.  In  working  witli  the  machine  gi^eat  care  must  lie 
exercisetl  lest  grave  accidents  occur.  It  is  also  neccssaiy  to  see  that 
the  machine  is  carefully  constructed. 

Drying.  Before  submitting  material  to  the  drjinp  process  proper 
it  may  be  advantageous  to  remove  a^  much  of  the  adhering  liquid  as 
pos-iible  l>y  draining,  filtering,  or  centrifuging.  The  water  that  still 
adheres  is  now  removed  by  evaporation  in  cimtact  with  the  air  at  as  high 
ii  temj>ernture  as  compatible  with  the  sulistiince  and  economical  practice. 
Whenever  waste  heat  is  available  it  should  be  used. 


In  Older  that  diying  should  he  uniform  the  substance  to  be  dried 
is  stirreil,  usually  by  mechanical  appliances.  The  simplest  arrangement 
W{>uld  consist  of  a  platform  of  metal  m-  .xKineware  heated  by  flue  gases 
and  upon  which  the  mateiial  would  be  spread  and  stiricd  from  time  to 
time;  this  is  not,  howevei',  an  economical  piucess.  A  less  wasteful  method 
is  by  the  use  of  dning  chambei's,  built  of  brick,  wood,  or  metal.  The 
chamber  may  be  heated  from  tlie  inside,  or  the  iiir  passing  thixjugh  it  may 
be  heated.  To  aid  in  the  removal  of  the  moist  air  an  exhaust  or  fan  is 
usuallj-  employed. 

Where  temperatures  of  100°  C.  or  less  m-v  desii-ed  the  air  ma;'  be 
heated  by  passing  it  over  stcam-lieated  coils,  or  the  ]>late  on  which  the 
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material  is  placed  may  have  a  steam-heatci)  jacket.  As  the  point  at 
which  the  heat  enters  the  apparatus,  be  it  steam  or  flue  gases,  is  the 
point  of  greatest  heat.it  is  usual  lo  provide  for  the  conveying  of  the  material 
from  the  further  and  cold  end  of  the  apparatus  toward  the  hottest  portion. 
For  this  purpose  tiie  shaft  furnace  can  be  used,  provided  the  material  is 
hard  enough  and  there  is  no  need  of  roRulating  the  temperature  veni- 
careful!}',  A  large  number  of  more  or  less  effieient  forms  of  diyers  are 
manufactured,  among  which  vacuum  drjers,  in  which  the  dr>ing  h 
done  at  a  considerable  saving  of  labor,  fuel  and  time,  are  the  most  impor- 
tant. Vacuum  dryei-s'  may  be  divided  into  shelf  drj'ers,  Fig.  20,  for 
material  that  does  not  need  to  be  .stirred  while  drjing;  rotary  drjers  for 


Fin,  20,— Vacuum  Shplf  Drier, 
material  which  must  lie  continuously  stiiTcd;  and  drum  drj'ei-s  for  sub- 
stances like  glue,  which  i-eadily  forms  a  dry  film  on  the  surface. 

LixiviatioD.  The  process  of  lixivialion  consists  in  the  separation  of 
water-soluble  matei'ial  from  insoluble  or  less  sr>lul)le  material.  The 
subslance  to  be  treated  with  water  may  bo  su.spciided  in  bags  or  baskets, 
or  placed  in  tanks  provided  with  pei-foralcd  false  bottom.  The  solution, 
being  denser  than  water,  sinks  to  the  bottom  and  may  be  removed.  The 
material  is  usuallj-  submitted  to  a  systematic  ti-eatment  with  water,  in 
such  a  manner  that  the  pure  water  iirst  comes  in  contact  with  the  nearly 
cxhausttJ  substance,  and  then  with  the  less  exhausted  in  another  tank, 
and  so  on  until  it  i-eachcs  the  last  tank  containing  the  fresh  material. 
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Such  a  series  of  tanks  is  known  as  a  batterv.  The  term  extraction  is 
generally  used  when  solvents  other  than  water  are  employed.  It  is 
possible  to  extract  several  substances  from  the  original  raw  material  by 
the  successive  use  of  several  solvents  such  as  water,  alcohol,  ether,  and 
naphtha. 

Crystallization.  Crsstals  are  geometric  solids  wliich  may  form  by 
the  separation  of  a  compound  from  its  concentrated  solution.  The 
solubility  of  most  substances  increases  as  the  temperature  of  the  solvent, 
usually  water,  is  raised.  A  limit  may  be  reached,  however,  for  every 
temperature  when  no  more  will  dissolve,  and  the  solution  is  said  to  be 
satiu'ated.  If  the  temperature  be  now  decreased  crystals  of  the  substance 
will  separate;  and  these  ciystals,  though  formed  in  an  impure  mother 
liquor,  may  be  quite  pure.  By  evaporation  or  concentration  of  th.e  mother 
liquor  more  crystals  will  result ;  which,  however,  will  be  less  pure  than  the 
first  crop.  Thus  this  operation  may  be  continued  until  the  impurities 
accumulating  in  the  liquor  become  so  great  that  the  crystals  will  enclose 
a  large  amount  of  foreign  matter.  This  difficulty  can  be  prevented  to  a 
certain  extent  by  stirring  the  solution  while  cr\'Stallization  takes  place; 
this  causes  the  separation  of  ver}'  small  ciystals,  or  cr\-stal  meal,  which  can 
then  be  washed  so  as  to  remove  the  adherent  impurities. 

Fractional  Crystallization.  Cr\'stals  may  be  further  purified  by  several 
successive  reciystallizations.  This  is  a  method  used  for  the  separation  of 
substances  when  mixed  in  a  solution;  isomoiphous  substances,  that  is, 
those  ciystallizing  in  the  same  system  cannot,  however,  ])e  separated 
in  this  manner.  The  only  way  to  proceed  in  such  a  case  is  to  so  react 
upon  the  solution  as  to  change  the  chemical  composition  of  one  of  the 
su})stances  in  such  a  manner  that  separation  by  ciystallization  becomes 
possible.  As  an  instiuice  of  this  may  be  mentioned  the  preparation  of  pure 
copper  sulphate  from  a  mixed  solution  of  copper  and  ferrous  sulphates. 
When  blue  vitriol  is  made  from  copper  pyrites  it  is  usually  accompanied 
by  more  or  less  green  vitriol.  From  this  mixed  solution  only  ciystals 
of  copper  sulphate  mixed  with  iron  sulphate  can  be  obtained,  these  salts 
being  isomorphous.  By  oxidizing  the  ferrous  to  the  ferric  sulphate  this 
may  be  avoided  and  pure  copper  sulphate  prepared. 

Calcination.  In  the  process  of  calcination  substances  are  submitted  to 
the  action  of  high  heat,  but  not,  however,  to  the  point  of  fusion.  Material 
may  be  calcined:  to  drive  off' moisture,  to  drive  off  some  volatile  constit- 
uent or  cause  a  chemical  action  such  as  oxidation  or  reduction.  The 
terms  roasting,  firing,  glowing  or  burning  are  sometimes  used  in  place  of 
calcination.  The  process  is  usually  carried  on  in  furnaces,  of  which  there 
are  three  common  types:  reverberatory,  muffle ,  and  kiln. 

Revcrberatory  Furnace.  In  the  reverberatoiy  or  open  roaster  the 
material  to  be  heated  is  exposed  to  the  direct  action  of  the  fire  gases. 
It  consists  essentially  of  an  arched  chamber  built  of  brick  and  heated 
from  a  grate  placed  at  one  end,  while  the  products  of  combustion  and 
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reaction  are  removed  bv  a  chimnev  at  the  other  end.  The  material  is 
placed  upon  the  bed  of  the  furnace,  the  fire  gases  pass  over  it  and  are 
deflected  bv  the  arched  form  of  the  roof  of  the  furnace  so  as  to  come  more 
directly  in  contact  with  the  charge.  The  inside  of  such  furnaces  are  lined 
with  firebricks,  while  the  outside  are  built  of  common  bricks. 

If  an  oxidizing  reaction  is  desired,  that  is,  if  the  fire  gases  are  to  contain 
an  excess  of  oxygen,  such  conditions  may  be  produced  by  setting  the  fire 
bars  widely  apart  and  feeding  the  fuel  in  thin  layers  at  a  time.  Should 
a  i-educing  action  be  desired  the  fire  bars  must  be  placed  closer  together 
and  the  fuel  charged  in  thick  layers. 

Muffle  Furnace.  The  muffle  furnace,  closed  or  blind  roaster  is  built 
in  such  a  manner  that  the  fire  gases  do  not  come  in  contact  with  the  sub- 
stances to  l)e  calcined.  It  generally  consists  of  a  muffle  of  firebrick  with 
the  flues  so  arranged  that  the  hot  gases  pass  underneath  the  bed  of  the 
muffle  and  are  then  conducted  over  the  top  back  to  some  point  near  the 
grate,  where  they  are  discharged  into  the  chimney.  A  pipe  is  sometimes 
fitted  to  the  top  of  the  muffle  in  order  to  discharge  any  gases  which  may 
be  formed  during  calcination. 

Revolving  Furnace.  It  is  frequently  necessar}-  to  stir  the  material 
during  calcination,  which  would  entail  much  heavy  labor  if  done  by  hand ; 
to  obviate  this,  mechanical  means  have  been  devised,  the  most  important  of 
whidi  is  the  revolver  or  revolving  furnace.  It  consists  of  a  drum  or  cylin- 
der of  iron  or  steel,  Fig.  21,  lined  with  refractory  material  and  open  at  botli 


Fig.  21. — Revolving  Furnace. 


ends.  The  drum,  which  may  or  may  not  be  inclined,  revolves  slowly  about 
its  longitudinal  axis,  while  the  highly  heated  gases,  from  the  grate  situated 
at  one  end,  pass  through  it.  The  hot  gases  leaving  any  of  these  furnaces 
may  be  economically  used  for  drying  or  evaporating. 

Kilns.  Kilns  or  shaft  furnaces  may  be  periodic  or  continuous,  and  arc 
very  largely  used  in  the  Inu-ning  or  calcination  of  limestone.  In  periodic 
kilns  the  calcined  charge  is  allowed  to  cool,  then  withdrawn  and  the  kiln 
recharged  with  fresh  material.  In  the  continuous  form  the  calcined 
material  is  dra^ni  from  the  l)ottom  at  the  same  time  that  a  fresh  charge 
outers  the  top,  the  operation  being  a  continuous  one. 
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Evaporation.  By  evaporation  is  understood  the  conversion  of  a 
liquid  into  a  vapor  for  the  purpose  of  recovering  any  solid  matter  which. 
may  be  disBoIved  in  it.  In  most  instances  the  liquid  to  be  evaporated" 
is  water,  as. other  liquids  would  be  recovered,  and  the  process  would  be 
termed  distUlalion. 

Spontaneous  Evaporation.  This  method  is  usually  conducted  in  the 
open  air  by  exposing  the  liquid  in  large  shallow  pans.  The  time  required 
depends  entirely  upon  atmospheric  conditions,  the  best  results  being 
obtained  on  a  windy  day  in  hot,  dry  weather. 

Evaporation  by  Direct  Heat.  By  this  method  the  flames  or  hot 
gases  may  play  directly  on  the  bottom  of  the  containing  vessel,  or  they 
may  be  made  to  pass  over  the  surface  of  the  liquid.  In  the  former  case, 
Fig.  22,  the  usual  method  is  to  employ  large  shallow  pans  which  are  so 


Fio.  22.— Bottom  Heated  Furnace. 

arranged  as  to  be  heated  from  the  waste  gases  from  other  operations. 
In  the  latter  mode  of  evaporation,  Fig.  23,  the  flue  dust  and  ashes  are 
verj-  apt  to  fall  into  the  pan,  thus  causing  the  product  to  become  impure. 
This  method  is  used,  however,  to  some  extent  where  the  purity  of  the 
product  is  not  essential. 

Evaporation  by  Indirect  Heat.  The  use  of  steam  is  very  largely 
employed  for  the  reason  tliat  it  is  convenient  to  handle,  and  there  is 
no  danger  of  injury  to  the  product  by  overheating.  The  simplest  means 
of  utilizing  this  method  of  heating  is  to  circulate  the  steam  through  coils 
of  pipe  arranged  inside  the  vessel.  This  method  is  especially  adapted 
to  the  heating  of  liquids  contained  in  wooden  tanks.  The  temperature 
to  which  the  liquid  maj'  be  raised  depends  wholly  upon  the  steam  pres- 
sure, which  may  be  regulated  to  -suit  the  conditions  required. 

Steam- jacketed  Kettles.  The  most  convenient  method  of  applying 
steam  is  by  means  of  the  steam- jacketed  kettle,  a  cut  of  which  is  showTi 
in  Fig.  24.  In  conducting  an  evaporation  the  valve  to  drain  pipe  is 
opened  in  order  to  allow  the  first  condensations  to  escape,  and  to  prevent 
bumping.  The  exhaust  valve  is  now  opened,  the  inlet  valve  given  a  half 
turn,  and  then  slowly  opened  until  a  good  supply  of  diy  steam  issues  from 
the  drip.     The  drip  is  finally  closed  and  the  inlet  of  steam  so  regulated 
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u  to  secure  the  proper  heat  for  evaporation.  The  kettles  in  common  use 
are  constructed  of  copper  or  cast  iron,  the  jacket  usually  covering  one-half 
of  the  kettle.  For  purposes  where  copper  or  iron  would  not  resist  the 
action  of  acids  or  other  chemicals  it  is  customary  to  employ  an  enameled 


Fia.  23.— Top  Evaporation. 

lined  kettle,  which  enamel  consista  of  an  easily  fusible  glass.  In  many 
operations  it  is  necessary  to  stir  the  liquid  being  evaporated,  to  accomplish 
which  the  kettle  is  generally  equipped  with  an  agitator  provided  with 
paddles  of  various  shapes. 


Fig.  24.— Steam-jacketed  Kettle. 

Evaporation  under  Reduced  Pressure.  There  are  many  forms  of 
apparatus  employed  for  evaporation  under  reduced  pressure,  yet  they 
all  depend  upon  the  same  principle. 

Vacuum  Pan.  The  necessan,^  equipment  for  this  installation  is  a 
vacuum  pan,  condenser,  receiver  and  pump.  The  pan  is  usually  a  globular 
copper  or  iron  vessel,  which  is  provided  with  a  manhole,  a  discharge  opening 
at  the  bottom,  a  thermometer,  a  vacuum  gauge,  peep  holes,  test  cocks. 
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liquor  gauge  and  catch  all.  In  most  of  the  larger  pans  the  heating  is 
accomplishecl  bv  means  of  steam  coils  placed  in  the  bottom  of  the  pan, 
while  the  smaller  sizes  have  a  steam  jacket.  At  the  top  of  the  pan  is  a 
dome  or  large  pipe  connected  with  the  '*  catch-all"  the  purpose  of  which 
is  to  retain  any  liquid  that  may  be  carried  along  mechanically  by  the 
steam.  A  small  pipe  at  the  bottom  of  the  catch-all  returns  the  water 
to  the  still,  while  a  larger  one  is  connected  to  the  condenser.  The  conden- 
ser is  a  tin-lined  copper  coil  surrounded  by  running  water.  Joined  to 
the  condenser  is  the  receiver,  which,  like  the  pan,  is  provided  with  a  liquor 
gauge.  Attached  to  the  receiver  is  the  pump  which  in  this  apparatus 
would  be  one  working  on  the  dry  system.  In  many  cases,  however,  it 
is  not  necessary"  to  collect  the  liquid  which  passes  off,  so  that  it  is  possible 
to  dispense  with  the  condenser  and  employ  a  vacuum  pump  which 
works  on  the  wet  system.  A  wet-system  piunp  is  so  constructed  as  to 
take  care  of  all  condensations  without  the  aid  of  an  extra  condenser. 

Hiiltiple-effect  System.  The  most  efficient  method  of  evaporation 
is  that  secured  by  means  of  the  multiple-effect  system.  The  apparatus 
usually  consists  of  three  or  four  vacuum  pans,  so  arranged  that  the  steam 
from  the  first  pan  passes  through  the  coils  or  jacket  of  the  next  in  line, 
and  the  steam  generated  in  the  second  serves  to  heat  the  liquid  in  the 
third.  The  vacuum  maintained  in  each  of  the  pans  increases  as  it 
approaches  the  pump  for  the  reason  that  the  condensations  play  quite 
an  important  part  in  producing  reduced  pressure.  Thus  it  is  that  the 
pan  having  the  highest  temperature  has  the  least  vacuum,  and  that 
having  the  greatest  vacuum  has  the  least  temperature.  As  a  rule  only 
three  pans  are  employed,  being  known  as  triple  effect,  although  some- 
times four  are  used  when  they  are  known  as  quadruple  effect. 

Yaryan  Evaporator.  This  apparatus  consists  of  a  large  number  of 
small  tubes  joined  together  in  groups  of  six,  each  group  of  which  is  a 
unit.  The  tubes  of  each  set  are  joined  in  such  a  manner  as  to  form  a 
continuous  coil,  each  end  of  which  is  free,  the  whole  being  enclosed  in  an 
outside  shell  of  boiler  plate. 

In  the  operation  of  this  apparatus  the  steam  is  allowed  to  enter  the 
c>'lindrical  chamber  surrounding  the  series  of  tubes.  Either  exhaust 
or  pressure  steam  may  be  used,  as  desired.  The  solution  to  be  concen- 
trated is  passed  into  the  coils  under  pressure  and  being  highly  heated  is 
converted  into  a  mass  of  foam,  which  finally  escapes  from  the  last  tube 
of  the  coil  into  the  separator.  Here  it  is  discharged  with  considerable 
force  against  baffle  plates,  thus  separating  the  liquid  from  the  steam. 
The  liquid  collecting  in  the  separator  of  the  first  effect  is  forced  into  the 
coil  of  the  second  effect,  while  the  steam  produced  in  the  first  effect  is 
conducted  into  the  chamber  surrounding  the  tubes  of  the  second  effect, 
where  its  heat  is  utilized  for  further  evaporation  of  the  solution ;  and  thus 
the  operation  is  repeated  throughout  the  entire  system.  The  steam  from 
the  final  effect  is  passed  into  a  condenser,  which  in  its  turn  is  connected 
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to  a  vacuum  pump,  thus  producing  a  high  vacuum  in  the  separatiQg  cham- 
ber and  coils.  Owing  to  this  reduction  in  the  boiling  point  of  the  liquid 
there  is  a  condensation  of  the  steam  as  it  strikes  the  cooler  pipes,  thereby 
producing  a  less  perfect  vacuum  in  the  preceding  effect.  Thus  we 
have  a  gradual  reduction  of  pressure  and  consequent  lowering  of  the  boiling- 
point  from  the  time  the  liquid  entei-s  the  first  effect  until  it  is  discharged 
from  the  last.  The  condensed  steam,  entramments  from  the  chambers 
surrounding  the  coils,  together  with  that  from  the  condensers,  is  collected 
in  many  factories,  and  may  be  emploj'ed  as  feed-water  for  boilers  or  for 
other  purposes.  The  ordinary-  form  of  vacuum  pan  will  evaporate  from 
eight  to  ten  pounds  of  water  per  pound  of  coal,  while  it  is  claimed  that  the 


Fig.  25. 

triple-effect    Yarj'an    will  evaporate  from  twenty-three  to  twenty-five 
pounds,  and  the  quadruple  effect  thirty  pounds. 

Lillie  Evaporator,!  The  mode  of  operation  which  distinguishes  the 
"  Lillie  "  from  other  forms  of  apparatus  is  that  the  results  obtained 
are  due  to  film  evaporation;  that  is  to  say,  the  liquid  flow.s  over  the  heated 
tul)C3  rather  than  through  them,  thus  exposing  a  very  large  surface  for 
evaporation.  In  the  older  fonns  of  multiple- effect  apparatus  some 
difficulty  was  encountered  from  liquids  which  deposit  heavy  incrustations 
on  the  heating  surfaces.  This  difficulty,  however,  has  been  overcome  in 
the  new  model.  The  new  feature,  which  corrects  this  condition,  is  the 
reversal  at  will  of  the  direction  of  the  course  of  the  vapors  or  heat  through 
the  multiple  effect,  making  thereby,  what  before  the  reversal  was  the 
hottest  effect  the  coolest,  and  what  was  the  coolest  the  hottest.     Fig.  25 
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shows  a  vertical  longitudinal  section  through  the  body  of  the  evaporator. 
The  evaporating  tubes  slightly  incline  downward  to  the  steam  end  and 
open  through  the  heavy  tube  plate  partition  in  which  they  are  firmly 
expanded  and  by  which  they  are  supported.  The  other  ends  of  the  tubes 
are  closed  save  for  a  small  air  vent  in  each.  They  are  not  fastened  or 
supported  in  any  way,  and  the  tubes  are  quite  free  to  expand  or  contract 
independently  of  the  shell  of  the  effect. 

On  the  under  side  is  a  centrifugal  circulating  pump,  located  midway 
between  the  ends  of  the  evaporator.  The  condensation  from  the  steam 
in  the  tubes  flows  back  into  the  steam  end,  and  thence  through  a  steam 
trap  into  the  end  of  the  next  cooler  body,  and  finally  to  the  atmosphere 
from  the  coolest  body,  in  the  case  of  the  multiple  effect.  The  solution 
delivered  by  the  centrifugal  pump  is  forced  on  to  a  perforated  distributing 
plate,  from  which  it  flows  over  the  tubes  in  a  deluging  shower.  The 
circulation  in  this  case  is  independent  of  ebbulition,  and  there  being 
no  depth  of  solution  on  the  tubes  the  vapors  have  a  free  passage  for 
escape. 

The  method  of  heating  and  securing  the  reduced  pressure  is  very 
similar  to  that  of  the  Yaryan  just  described. 

Distillation.  This  operation  is  usually  for  the  purpose  of  separating 
liquids  from  other  liquids,  or  from  solids,  and  may  be  considered  as  a 
special  form  of  evaporation.  In  fact,  evaporation  and  distillation  are 
often  carried  on  simultaneously.  Many  forms  of  distilling  apparatus 
are  in  use,  although  they  all  have  three  points  in  common:  (1)  The 
still  or  vessel  holding  the  liquids  to  be  heated,  (2)  the  condensers  or 
cooling  apparatus,  and  (3)  the  receiver  or  vessel  in  which  the  dis- 
tilled liquid  collects  Between  the  still  and  condenser  is  a  spray  catch, 
provided  with  baflBe  plates,  which  prevents  any  of  the  solution  from 
being  carried  over  mechanically  by  the  vapor.  By  this  means  the 
liquid  is  returned  to  the  still  while  the  vapor  passes  along  to  the 
condenser.  The  apparatus  shown  is  made  of  copper,  the  condenser  worm 
being  tin  lined. 

Column  Still.  *  The  illustration,  Fig.  26,  represents  one  of  the  types 
of  column  stills  in  common  use.  The  column  or  dephlegmator  (B) 
is  placed  on  top  of  the  boiler  (A)  and  is  divided  into  chambers  by  means 
of  plates,  each  of  which  has  a  dome  or  flat-covered  opening,  with  an 
overflow  pipe  leading  to  the  chamber  below.  The  vapor  from  the  boiling 
liquid  passes  up  through  the  opening,  where  it  bubbles  out  through  the 
liquid  on  each  plate.  The  heavier  liquid  which  is  condensed  here  flows 
down  through  the  overflow  pipes  and  into  the  boiler.  Between  the  column 
and  the  condenser  (E)  is  a  series  of  U-tubes  sun'ounded  by  a  water-bath, 
which  may  be  kept  at  any  temperature  desired.  As  the  mixed  vapors 
pass  through  these  tubes,  the  high-boiling  portions  are  condensed  and 
returned  to  the  column,  while  the  lightest  or  more  volatile  liquid  only 
passes  through  the  coil  in  the  condenser  (E) . 
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Coffey  Still.  This  form  of  apparatus,  Fir.  27,  consists  of  two  towers: 
(A)  known  as  the  analyzer  and  (B)  the  rectijier.  Free  steam  is  forced 
into  A  througli  the  pipe  (C),  where  it  bubbles  up  tiirough  the  liquid  on 
the  perforated  plates  (/),  D)  and  out  by  the  way  of  (E)  into  the  rectifier 
(B).     The  liquid  to  be  dbtilled  b  now  pumped  through  the  pipe  (F)  and 


Fio.  26.— Column  SliU. 

the  coU  (<?,  G),  and  is  delivered  into  the  analyzer  by  the  pipe  (,H).  The 
liquid  in  this  way  becomes  heated  by  the  steam  surrounding  the  coil  and 
is  delivered  hot  to  the  analyzer.  The  hot  liquid  as  it  falls  on  the  perfor- 
ated plates  spreacls  out  in  a  thin  lay^r,  and  runs  down  to  the  next  com- 
partment through  the  overflow  pipe  {J).    The  steam,  as  it  passes  up 


Fia.  27.— Coffey  Still. 

through  the  lajcrs  of  liquitl,  heats  it  very  hot  and  carries  the  volatile 
portion  over  into  the  rectifier.  During  the  passage  of  the  mixed  vapors 
up  the  rectifier  the  steam  becomes  condensed  by  contact  with  the  cold 
pipes,  thus  allowing  the  more  volatile  portion  to  pass  out  through  the 
pipe  (K)  to  the  condenser  (L).    The  water  which  collects  in  the  bottom 
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of  the  rectifier  is  pumped  to  the  top  of  the  analyzer  through  the  pipe  (M). 
From  the  bottom  of  the  analyzer  is  a  pipe  (A')  to  act  as  a  discharge  for 
the  spent  liquor  which  has  lost  its  volatile  matter. 

Conveying  Solids.  The  man  with  a  wheelbarrow  is  the  simplest 
method  of  conveying  solids,  and  is  at  the  same  time  the  least  economical. 
A  steel  tray  wheelbarrow  weighs  from  60  to  70  lbs.,  and  will  hold  about 
2  cu.ft.  In  a  general  way  the  laborer  pushes  the  barrow  through  200  ft. 
in  a  minute,  and  consumes  about  one  and  one-half  minutes  for  loading 
and  unloading.  Larger  barrows  are  made  with  two  wheels,  weighing 
from  200  to  250  lbs.,  and  having  a  capacity  of  8  to  9  cu.ft.  As  a  rule 
barrows  are  used  on  level  surfaces  only,  and  are  made  of  various  shapes 
to  adapt  them  for  special  purposes.  In  some  cases  it  is  advisable  to  lay 
steel  tracks  and  draw  the  cars  by  means  of  electric  motors  or  small 
locomotives.  The  arrangements  for  dumping  the  cars  var\'  to  some  extent, 
but  of  the  ones  in  common  use  may  be  mentioned  the  V-shaped  dump  car, 
the  gabled  or  saddle-bottom  dump  car   and  the  hinged-end  dump  car. 

Cars  which  have  to  go  up  a  steep  incline  may  be  hauled  by  a  wire 
cable  or  run  into  an  elevator.  Endless  chains  or  cables  provided  with 
catches  to  hold  the  car  while  it  is  being  drawn  up  the  incline  are  much 
used,  especially  for  mining  operations.  An  aerial  cableway  is  often  used 
where  the  countr}^  is  rough  and  where  it  is  necessary  to  cross  a  stream. 
The  cable  of  wire  or  rope  is  suspended  from  towers.  The  cable  is  usually 
endless,  and  along  it  are  run  carriages  to  which  skips  or  buckets  are 
attached.  Material  may  also  be  moved  by  the  use  of  the  revolving  loco- 
motive crane  with  clamshell  bucket  or  other  form  of  container.  A  very 
efficient  form  of  transportation  is  by  means  of  the  belt  conveyor.  These 
belts  are  usually  made  of  rubber  or  cotton.  The  rubber  belts  (cotton 
duck  coated  with  rubber)  are  especially  designed  for  rough  usage,  while 
the  cotton  belts  are  more  often  employed  for  the  carrj'^ing  of  boxes  and 
packages.  The  belts,  which  may  be  flat  or  troughed,  are  run  on  rollers 
for  support;  the  motion  being  imparted  by  a  head  pulley,  and  the  slack 
taken  up  by  the  foot  pulley.  Different  types  of  rollers  are  used  according 
as  the  belt  is  flat  or  trough  shaped.  The  capacity  of  such  a  conveyor 
depends  upon  the  width  of  the  belt  and  its  speed,  a  troughed  belt  being 
able  to  carry  two  or  three  times  as  much  load  as  a  flat  one. 

For  the  transportation  of  hot  or  very  rough  material  bucket  conveyors 
are  generally  employed.  These  buckets  are  carried  on  rollers  and  are 
joined  together  by  a  roller  chain.  Apron  conveyors  are  made  by  attaching 
light  strips  of  wood  or  metal  to  link  chains,  thus  forming  a  continouus 
belt  much  used  for  handling  light  packages. 

Li  drag  or  flight  conveyors  the  material  is  pushed  along,  the  simplest 
form  being  one  in  which  the  plain  scraper  is  drawn  by  a  central  rope  or 
wire.  In  the  suspended  draw  conveyor  the  flights  are  attached  to  cross- 
bars having  wearing  shoes  at  either  end  which  slide  on  angle-iron  tracks. 
In  the  roller  flight  conveyor  the  shoes  are  replaced  by  rollers. 
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The  screw  conveyor  consists  of  a  shaft  around  ^ 
are  bolted  to  form  an  endless  screw,  this  shaft  rotating  in  a  ui-ougn  pushes 
the  material  along. 

When  material  is  to  be  lifted  any  distance  it  is  done  by  bucket  elevators. 
The  buckets  are  fastened  to  belting  or  link  chains.  A  bucket  shaped  like 
the  letter  L  is  easily  discharged,  and  is  therefore  largely  used  for  convey- 
ing pasty  materia.1;  those  shaped  like  the  letter  V  have  a  larger  capacity, 
but  do  not  empty  so  readily  as  the  L-shaped.  The  buckets  may  be  made 
of  steel,  malleable  iron  or  copper,  according  to  the  use  to  which  they  are 
to  be  put.  They  are  also  sometimes  perforated  to  allow  the  material  to 
drain,  while  others  have  saw  edges,  as  those  used  for  lifting  tanbark  and 
such  material.  The  belt  to  which  the  buckets  are  attached  passes  over 
two  pulleys  and  the  material  is  discharged  by  centrifugal  force  as  it  goes 
over  the  top  one.  For  conveying  barrels  and  boxes  special  elevators  have 
been  designed. 

Conveying  Liquids.  The  simplest  problem  which  presents  itself  is 
the  conveying  of  a  liquid  from  a  higher  to  a  lower  level,  in  this  case  gravity 
is  the  motive  force;  that  is,  the  liquid  is  made  to  flow  by  means  of  a  head. 
Liquids  are  usually  conveyed  in  pipes  which  may  be  made  of  a  variety 
of  materials.  For  water  galvanized,  or  cast  iron,  lead,  copper,  tin,  and 
alloys  as  well  as  ebonite  are  used.  Earthenware  and  cement  pipe  are 
used  extensively  for  waste  material.  Glazed  pipe  or  vitrified  tile  find 
application  for  acid  liquids;  they  are  rather  fragile,  however,  and  should 
not  be  exposed  to  over  20  lbs.  pressure  to  the  square  inch.  Wooden 
pipes  which  are  made  of  staves  bound  together  with  steel  bands  are  much 
used  for  beer,  vinegar,  organic  acids  and  dilute  mineral  acids.  Lead  pipe 
is  very  valuable  in  chemical  industry  as  it  resists  corrosion,  but  is  not 
satisfactory  when  exposed  to  heat  or  pressure;  for  this  reason  iron  pipes 
which  are  lead  lined  are  much  employed.  Tin  pipes  are  sometimes  used 
in  breweries,  and  for  conveying  distilled  water,  carbonated  water,  vinegar 
and  wine;  but  owing  to  their  expense  tin-lined  copper  or  iron  pipes  are 
more  generally  employed.  Copper  and  brass  pipes  find  extensive  applica- 
tion, especially  for  conveying  and  use  in  the  manufacture  of  dye-wood 
extracts  and  tanning  materials.  Wrought  iron,  either  plain  or  galvanized, 
is  used  for  the  distribution  of  water,  while  cast-iron  pipes  are  employed 
for  conveying  concentrated  acids. 

Elevating  Liquids.  The  most  common  method  of  lifting  liquids  is  by 
means  of  pumps,  which  may  be  driven  by  steam,  electricity,  water,  belt 
or  gear.  Tb.'^  pressure  secured  in  a  plunger  pump  is  due  to  the  force  of 
a  piston,  while  in  a  centrifugal,  Fig.  28,  pump  i  the  pressure  is  obtained 
through  a  rotary  motion  imparted  by  means  of  revolving  fans.  The 
pulsometer  and  hydraulic  ram  are  used  to  a  limited  extent. 

To  withstand  the  action  of  acid  and  alkaline  solutions,  pumps  are 
made  of  various  materials;  but  for  the  elevation  of  more  corrosive  liquids 

iLobee  Pump  and  Machinery  Co.,  Buffalo,  N.  Y. 
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erally  used.  Acid  eggs  are  usually  made  of  acid-proof 
caBt  iioii  aiiu  iieary  enough  to  withstand  the  necessary  pressure;  they 
are  also  sometimes  made  of  earthenware.  To  operate,  it  is  allowed  to  fill 
with  the  liquid,  the  ingress  closed,  then  by  the  admission  of  compressed 
air  the  liquid  is  forced  through  a  tube.  The  Harris  system  of  elevating 
liquids  by  compressed  air  consists  of  two  cylinders,  opening  into  common 


Pig.  28. 

fill  and  discharge  pipes,  the  cylinders  being  filled  by  suction  and  discharged 
by  pressure. 

Where  a  liquid  is  to  be  transferred  from  a  higher  to  a  lower  level  the 
siphon  is  the  simplest  and  most  economical  appliance  which  can  be  used. 
The  simplest  method  to  start  the  flow  is  to  fill  both  limbs  with  the  solution. 


and  plunge  the  short  arm  into  the  litjuid  contained  in  the  upper  vessel. 
A  very  convenient  form  of  siphon  can  also  be  arranged  by  having  a 
swivel  pipe  attached  to  the  bottom  of  the  tank,  and  lower  it  to  the 
proper  level  by  means  of  a  chain. 
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Liquids  are  sometimes  raised  or  conveyed  by  means  of  injectors 
which  arc  usually  operated  by  steam,  and  whose  efficiency  depends  upon 
the  principle  of  the  difference  in  velocity  of  a  jet  of  steam  issuing  from 
an  orifice  and  tliat  of  a  jet  of  water.  The  solutions  raised  by  an  injector 
become  heated  and  diluted  by  the  condensed  steam.' 

Conveying  Gases.  Gases,  if  valuable  for  manufacturing  purposes  as 
well  as  those  which  are  of  no  use  have  to  be  conveyed  from  one  part  of 
the  plant  to  another,  or  entirely  removed,  as  the  case  may  be.  The  pipes 
used  for  this  purpose  may  be  of  sheet  iron,  galvanized  iron,  cast  iron, 
or  wrought  iron,  as  well  as  flues  of  brick,  concrete,  and  lead-lined  wooden 
ones.  Gas  blowers  and  exhausters  are  made  either  to  overcome  a  low 
counter-pressure  or  rarefaction  such  as  blowers  and  ventilators;  or  to 
overcome  high  counter-pressure,  or  exhaust  against  a  high  rarefaction. 
These  go  under  the  name  of  compressors  and  exhausters.    Fan  blowers 


consist  of  a  number  of  blades  fixed  on  a  rapidly  revolving  shaft;  they 
are  only  used  where  the  counter-pressure  is  very  slight.  In  pressure 
blowers  the  width  of  the  blades  are  parallel  with  the  shaft  and  enclosed 
in  a  casing,  usually  of  metal.  The  higher  the  speed  at  which  the  blades 
revolve  the  greater  the  pressure. 

Chimneys  are  often  used  to  carry-  off  noxious  gases  as  well  as  to  create 
a  draft  and  promote  combustion  of  fuel.  For  a  good  draft  height  is 
especially  desirable,  while  for  the  removal  of  noxious  gases  size  is  perhaps 
the  most  important.  Forced  draft  may  be  produced  by  blowing  air 
through  the  flues  or  by  exhausting  the  gases  formed  during  combustion. 
That  chimneys  deliver  noxious  gases  at  a  sufficient  height  to  prevent 
deletereous  action  on  vegetable  and  animal  life  should  also  be  taken  into 
consideration. 

1  ScbulM  A  Koertinc  Co.,  PbiluidpbU,  Pk. 
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Refrigeration.  The  principle  involved  in  all  refrigerating  machines 
is  the  absorption  of  heat  by  the  evaporation  of  a  volatile  liquid.  The 
substances  in  most  common  use  are  liquefied  anmionia,  sulphur  dioxide, 
and  carbon  dioxide.  The  one  most  commonly  employed,  however,  is 
ammonia  and  it  is  used  both  in  the  compression  and  the  absorption 
systems. 

Compression  System.  The  gas  being  heavily  compressed  is  liquefied 
by  passing  it  through  coils  over  which  cold  water  is  allowed  to  flow; 
the  liquid  is  then  passed  through  a  small  opening  into  a  large  coil  of  pipe. 
The  expansion  of  the  ammonia  from  a  liquid  to  a  gaseous  state  causes  the 
absorption  of  much  heat,  with  the  result  that  the  temperature  falls  below 
the  freezing-point  of  water.  The  gases  formed  in  the  expansion  pipes  are 
rapidly  exhausted  by  means  of  a  pump  and  returned  to  the  compressor, 
where  the  cycle  is  repeated,  it  being  necessary  only  to  supply  sufficient 
ammonia  to  replace  that  lost  by  leakage. 

For  the  manufacture  of  artificial  ice  the  expansion  coils  are  surrounded 
with  a  strong  brine  or  calcium-chloride  solution,  into  which  galvanized- 
iron  boxes  filled  wdth  water  are  immersed.  When  used  for  cold  storage 
it  is  desirable  ta  increase  the  cooling  surface  of  the  expansion  coils.  To 
do  this  cast  iron  disks  are  placed  at  frequent  intervals  on  the  pipe  per- 
pendicular to  its  line  of  direction,  and  the  pipes  suspended  from  the  ceiling 
of  the  room. 

Absorption  System.  The  York  Absorption  Refrigerating  Machine  shown 
in  the  illustration,  Fig.  31,  consists  of  a  generator,  analyzer,  dehydrator, 
ammonia  condenser,  ammonia  receiver,  exchanger,  weak  aqua  cooler, 
absorber,  strong  aqua  tank,  aqua  ammonia  pump  and  pressure  gauges. 
In  operating  this  machine  steam  is  admitted  to  the  generator  coils,  thus 
heating  the  aqua  ammonia  to  boiling.  The  liberated  gas  passes  upward 
through  the  analyzer,  which  is  mounted  on  top  of  the  generator,  where 
some  of  the  water  still  left  in  suspension  in  the  gas  is  removed  by  coming 
in  direct  .contact  with  the  incoming  strong  aqua  ammonia  from  the 
absorber. 

On  leaving  the  analyzer  the  gas  enters  the  top  of  the  dehydrator, 
where  the  remaining  water  is  condensed.  The  now  anhydrous  gas  enters 
the  ammonia  condenser,  where  it  is  liquefied,  and  drawn  into  the  anhydrous 
liquid  ammonia  receiver.  From  this  receiver  it  is  admitted  to  the  evapor- 
ating coils  in  which  the  refrigerating  effect  is  produced.  The  expanded 
gas  from  the  evaporating  coils  then  enters  the  absorber,  where  it  comes 
in  contact  with  weak  aqua  ammonia,  thus  producing  a  solution  of  strong 
aqua  ammonia.  The  strong  aqua  ammonia  overflows  from  the  absorber 
into  a  strong  aqua  tank;  the  aqua  ammnoia  pump,  taking  its  suction  from 
this  tank,  discharges  the  strong  aqua  ammonia  into  the  exchanger  at  the 
bottom  of  the  shell.  In  passing  through  the  exchanger  the  liquid  becomes 
heated  to  within  35°  to  40®  F.  of  the  temperature  of  the  generator  by  the 
weak  aqua  anmionia  from  the  generator.     On  leaving  the  exchanger  the 
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strong  aqua  ammonia  enters  the  top  of  the  analyzer,  where  it  is  still 
further  heated  by  passing  over  the  baflSe  plates  and  coming  in  direct 
contact  with  the  liberated  gas  from  the  generator.  From  the  analyzer 
it  enters  the  generator  at  very  near  the  temperature  due  to  the  steam 
coils  of  the  generator,  is  again  boiled  and  the  cycle  repeated. 


II 

MATERIALS  USED  IN  THE  CONSTRUCTION  AND  OPERATION 

OF  CHEMICAL  PLANTS 

A.  B.  AUBERT 

Wood.  Wood  is  especially  valuable  as  a  building  material  because 
of  its  strength,  elasticity,  and  the  ease  with  which  it  can  be  worked. 
The  growing  part  of  timber  trees  is  confined  to  a  thin  layer,  the  cam- 
bium, which  lies  between  the  wood  and  the  bark,  and  from  which  both 
are  formed  by  cell  division.  The  timber  in  a  log  is  made  up  of  a 
number  of  concentric  rings  which  mark  the  annual  growth.  These 
rings  surround  the  pith,  the  whole  being  protected  by  the  bark.  The 
medullary  rays  are  radial  lines  which  begin  at  the  outer  surface  and 
pass  toward  the  center.  Wood  cells  vary  somewhat  in  shape.  They 
are  usually  elongated  and  packed  close  together,  more  or  less  incrusted 
and  hardened  with  deposition  of  lignin.  The  living  wood  tissue  con- 
tains from  50  to  70  per  cent  of  water.  This  is  greatest  in  amount  in 
the  young  twigs  and  branches,  and  increases  when  the  growth  is  most 
active.  It  is  usual  to  fell  trees  in  the  winter  or  early  spring,  growth 
being  then  dormant  and  the  quantity  of  sap  less.  The  drier  the  wood 
the  more  durable  it  is  as  structural  material.  In  the  process  of  drying 
wood  shrinks,  the  newer  growths  shrinking  more  than  the  older  and, 
as  the  latter  growths  are  outside,  raidal  cracks  are  formed.  If  planks 
are  sawed  out  of  wood  before  it  has  shrunk  completely  there  will  be 
warping  upon  subsequent  dr>^ing,  owing  to  the  greater  contraction  of 
the  newer  wood. 

Seasoning.  Wood  is  seasoned  by  being  so  piled  as  to  admit  of  free 
access  of  air;  the  process  may  last  for  several  years,  but  it  may  be  greatly 
shortened  by  exposing  the  wood  to  air  heated  to  a  temperature  of  100*^ 
to  250°  F. 

Structural  Application.  Woods  used  for  structural  purposes  ma\^  be 
classified  into  soft  and  hard.  Soft  woods  are  chiefly  derived  from  the 
coniferous  trees,  while  the  leaf  woods  are  more  or  less  hard.  Wood 
is  very  durable  under  proper  conditions,  but  if  exposed  to  adverse  agen- 
cies, it  decays  rapidly. 

Fungoid  Growth.  The  most  common  of  the  diseases  of  wood  is  dr^^ 
rot,  which  causes  it  to  darken  in  color,  to  emit  a  musty  odor,  to  become 
soft  and  finally  to  crumble  to  powder.     This  disease  is  due  to  a  fungoid 
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growth,  Meruliua  lachrymans^  which  in  process  of  growing  entirely  destroys 
the  wood  fiber.  The  more  thoroughly  a  wood  is  dried  the  less  liable  it 
is  to  the  attacks  of  fungi.  Dampness,  darkness,  and  a  certain  degree  of 
warmth  are  the  conditions  most  favorable  to  the  life  of  the  f imgus.  To 
avoid  dry  rot  well-seasoned  lumber  should  be  selected  and  it  should,  if 
possible,  be  placed  so  as  to  have  access  of  air  and  freedom  from 
moisture. 

Wood  Preservation.  Protection  of  wood  from  f imgi  may  be  secured  by 
the  use  of  agents  that  destroy  living  organisms.  Dry  wood  may  be  painted 
or  covered  with  a  protective  coating.  When  wood  is  not  thoroughly  dry 
it  is  well  to  treat  it  with  an  antiseptic  agent,  such  as  creosote,  mercuric 
chloride,  copper  sulphate,  or  zinc  chloride.  The  wood  has  to  be  com- 
pletely saturated  with  the  solution,  however.  In  Bethell's  process  the 
wood  is  air  dried,  heated  for  twenty-four  hours  at  160°  F.,  and  then 
transferred  to  an  hermetically  sealed  iron  cylinder  from  which  the  air  is 
exhausted,  and  into  which  creosote  oil  is  pumped  at  a  temperature  of 
about  150*^  F.  w^ith  a  pressure  of  about  170  lbs.  per  square  inch.  Soft 
wood  absorbs  8  to  10  lbs.  per  cubic  feet  and  hard  wood  less.  In 
Riitger's  process  creosote  and  zinc  chloride  are  used.  In  Kyan's  process 
mercuric  chloride  is  injected  into  the  wood,  while  in  Boucherie's  process 
copper  sulphate  is  used,  and  in  Burnett's  process  zinc  chloride. 

Industrial  Application.  In  the  equipment  of  chemical  plants  the 
local  timber  best  suited  to  the  purpose  may  often  be  employed,  although 
leaf  woods  are  the  most  satisfactory  and  are  generally  used.  Wood 
that  is  to  be  exposed  to  considerable  heat  is  liable  to  shrink  and  warp, 
and  on  that  account  it  should  be  well  seasoned.  Wood  rich  in  resin, 
(pitch  pine)  should  be  selected  for  timber  exposed  to  acid  or  other 
fumes,  as  the  resin  present  acts  as  a  protector.  Cj-press  is  the  best  wood 
for  vats  and  tanks,  as  it  is  very  durable,  straight  grained,  does  not  warp 
much,  and  imparts  no  color  or  odor  to  liquids  therein  contained.  White 
pine  is  used  for  water  and  brine  tanks,  while  yellow  pine  is  extensively 
employed  in  pulp  mills  for  acid  liquor.  Yellow  poplar,  being  close 
grained,  is  used  for  volatile  liquids,  it  imparts  neither  taste  nor  odor 
to  solutions  and  is,  therefore,  used  in  tanks  for  storage  of  alcoholic 
extracts.  Tanks  and  vats  made  of  wood  cannot  be  used  for  alkaline 
solutions,  as  they  attack  and  soften  it,  but  neutral  or  very  slightly 
alkaline  solutions  may  be  stored  in  them.  Some  neutral  solutions  have 
a  corrosive  action  on  wood,  so  that  they  will  work  their  way  through 
in  time:  iron,  calcium,  and  magnesium  salts  especially  have  this  property. 

Wooden  receptacles,  if  used  for  storage  of  liquids,  should  never  be 
allowed  to  become  dry,  but  should  be  filled  with  water  when  not  in  use; 
and  in  their  construction  no  material  should  be  used  that  will  affect 
or  be  affected  by  the  solutions  which  they  are  to  hold. 

Iron.  In  the  construction  of  technical  apparatus  iron  is  of  great 
value. 
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Cast  Iron.  Cast  iron  contains  from  2^  to  4^  per  cent  of  carbon, 
besides  varying  quantities  of  silicon  and  manganese.  In  gray  cast  iron 
most  of  the  carbon  is  in  the  uncombined  or  graphitic  form,  while  in 
white  cast  iron  most  of  the  carbon  is  combined  and  the  percentage  of 
manganese  may  be  high. 

Cast  iron  resists  alkali  solutions  as  well  as  alkali  in  a  molten  condition. 
It  is  only  slightly  acted  upon  by  concentrated  acid.  Sulphuric  acid  above 
1.7  sp.gr.  can  be  concentrated  in  cast-iron  stills.  Weak  acids,  however, 
act  readily  upon  cast  iron.  It  may,  nevertheless,  be  rendered  passive 
by  the  action  of  strong  nitric  acid,  so  that  it  will  then  withstand  the 
action  of  weak  acids.  Solutions  of  neutral  salts  that  are  not  much 
dissociated  do  not  attack  cast  iron  readily,  while  others  more  disso- 
ciated attack  it.  Ammonium  chloride,  if  evaporated  in  an  iron  vessel, 
rapidly  attacks  it. 

Dry  air  does  not  affect  iron  to  any  extent,  although  moist  air  or 
intermittent  contact  with  water  easily  rusts  it.  Wrought  iron  rusts 
more  rapidly  than  cast  iron.  Iron  may  be  protected  by  a  coating  of 
asphalt  varnish,  graphite  paint,  or  red  lead  and  oil. 

Wrought  Iron.  Wrought  iron  is  more  rapidly  attacked  by  acids, 
sulphides,  and  alkalies  at  high  temperatures  than  is  cast  iron.  When 
using  cast  and  wrought  iron  together  due  allowance  must  be  made  for 
the  greater  coefficient  of  expansion  of  wrought  iron.  The  tensile  strength 
of  wought  iron  and  steel  is  greater  than  that  of  cast  iron;  while  cast 
iron  has  greater  crushing  strength. 

Enameled  Iron-Granite  or  Agate  Ware.  Enameled  iron  is  very 
useful  for  the  construction  of  vessels  as  it  combines  the  resistive  properties 
of  stoneware  and  the  durabilitv  of  metal.  The  enamel  should  have  the 
same  coefficient  of  expansion  as  iron  so  as  to  avoid  the  risk  of  cracking, 
thereby  allowing  the  direct  contact  of  the  liquor  with  the  metal  imder- 
neath. 

Lead.  Next  to  iron  lead  is  probably  the  most  important  metal  to 
the  technical  chemist.  It  is  not  attacked  to  any  extent  by  warm  or 
cold  sulphuric  acid,  provided  the  specific  gravity  is  less  than  1.7.  Hydro- 
chloric acid,  and  nitrie  acid  both  dissolve  lead,  although  it  is  not  appre- 
ciably attacked  bv  chlorine  fi'ee  from  hydrochloric  acid.  It  resists  the 
action  of  drv,  moist  air.  Water  acts  on  it  slowlv  as  well  as  solutions 
of  nitrates,  nitrites,  chlorides,  tartrates,  citrates,  acetates,  some  ammonia 
compounds,  and  decaying  organic  matter.  Sulphates  and  alkaline  car- 
bonates do  not  corrode  it  to  any  great  extent.  Lead  in  contact  with 
other  metals  causes  galvanic  action,  which  may  cause  the  destruction 
of  the  lead  vessels.  Lead  vessels  should  not  be  embedded  in  cement,  as 
the  metal  is  likely  to  become  brittle.  Owing  to  the  comparative  weakness 
of  lead  it  is  usual  to  support  it  by  an  outside  covering  of  wood  or  iron. 
Under  the  influence  of  heat  lead  expands  in  the  usual  manner,  but  does 
not  contract  in  the  same  ratio  on  cooling;  allowance,  therefore,  to  avoid 
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bulging  must  be  made  for  this  peculiarity.  Lead  joints  are  made  by 
the  process  of  autogenous  soldering  (lead  burning)  which  consists  of 
fusing  together  the  edges  that  are  to  be  joined  by  the  use  of  a  hydrogen 
blowpipe.  The  hydrogen  gas  used  should  be  pure  and  entirely  free 
from  arsenic  or  antimony  compounds. 

Copper.  The  uses  of  copper  are  more  restricted  than  those  of  lead. 
It  is  readily  affected  by  ammonia  and  acid  fumes  and  ammonium  sul- 
phide. The  common  mineral  acids  dissolve  it  easily,  while  the  weaker 
organic  acids,  such  as  lactic,  tartaric  and  acetic  have  but  little  cor- 
rosive action.  It  is,  therefore,  more  used  in  organic  than  in  inorganic 
technology.  It  is  a  good  conductor  of  heat  and  electricity,  is  malle- 
able, and  of  considerable  tensile  strength;  hence  copper  apparatus  can 
be  made  with  thinner  walls  than  is  possible  with  iron.  It  is  employed 
in  the  manufacture  of  stills,  condensers,  and  digestors.  Joints  in  copper 
apparatus  are  riveted  or  brazed.  This  is  done  by  the  use  of  hard  solder 
(3  parts  copper  and  1  part  of  zinc).  The  soldering  is  done  by  a  blow- 
pipe with  borax  as  a  flux. 

Bronze.  This  is  probably  the  most  useful  alloy  of  copper;  it  is  only 
slightly  attacked  by  dilute  sulphuric  acid.  Phosphor  bronze  resists 
corrosion  very  well,  as  does  also  manganese  bronze.  Both  of  these  may 
be  used  to  a  limited  extent  in  the  construction  of  chemical  apparatus. 

Tin.  Tin  is  not  readily  oxidized  at  ordinary  temperatures;  water 
does  not  appreciably  act  on  it,  neither  do  dilute  acids.  Its  principal 
use  is  for  the  worms  of  condensers  and  for  lining  copper  vessels. 

Aluminium.  This  metal  is  light  in  weight  and  easily  worked.  Air, 
water  and  hydrogen  sulphide  do  not  act  on  it.  It  is,  however,  attacked 
by  caustic  alkalies,  mineral  acids,  solutions  of  chlorides  and  nitrates. 
Organic  acids  have  but  little  action  upon  it,  and  it  is  used  in  the  making 
of  stills  and  worms  for  use  in  the  manufacture  of  acetic  acid.  It  forms 
valuable  alloys  with  copper,  such  as  aluminium  bronze,  which  resists 
the  action  of  many  saline  solutions.  Alloyed  with  magnesium  it  forms 
magnalium,  a  white  metal  of  low  specific  gravity,  possessing  great  ten- 
sile strength,  and  which  can  be  soldered. 

NickeL  Nickel  is  a  hard  metal  that  can  be  welded.  It  is  malle- 
able and  ductile  and  is  not  readily  acted  upon  by  atmospheric  influences. 
Dilute  acids  attack  it,  while  nitric  acid  renders  it  passive.  Dilute 
alkaline  solutions  do  not  readily  attack  it,  though  strong  lyes  do. 

Platinum.  This  metal  is  very  malleable  ductile  and  heavy  (sp.gr. 
21.5).  For  technical  use  it  may  be  alloyed  with  about  2  per  cent  of 
iridium,  which  hardens  and  renders  it  somewhat  less  easily  attacked. 
It  stands  high  temperatures  without  melting.  It  is  attacked  by  no 
single  acid,  although  aqua  regia  dissolves  it.  Moist  chlorine,  fused 
alkalies,  alkaline  sulphides  and  caustic  attack  it  readily.  Combinations 
that  liberate  arsenic,  phosphorus,  or  easily  reducible  oxides  should  not 
be  heated  in  it.     It  readily  alloys  with  tin,   lead,    zinc,    bismuth,    and 
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copper,  forming  alloys  that  are  much  more  fusible  than  platinum.  When 
platinum  vessels  have  been  used  for  some  time  and  exhibit  a  grayish 
appearance  they  should  be  scoured  with  fine  sand.  Stains  may  be 
removed  by  melting  potassium  acid  sulphate  in  the  vessel.  It  is  especially 
used  for  stills  in  the  manufacture  of  sulphuric  acid  and  hydrofluoric 
acid.  The  high  cost,  however,  restricts  the  use  of  platinum  for  many 
technical  purposes. 

Silver.  Silver  is  not  very  generally  employed  in  technical  work, 
but  mav  be  used  for  vessels  in  which  alkalies  are  to  be  fused.  The 
melting  point  of  the  metal  being  comparatively  low,  the  heating  should 
be  gradually  and  carefully  performed. 

Antimony.  An  alloy  of  lead  and  antimony  is  harder  than  lead, 
and  having  acid-resisting  properties  is  used  for  making  valves  and  stop- 
cocks used  in  sulphuric  acid  work. 

Stone.  Stone  is  of  great  value  for  building  purposes  owing  to  its 
power  of  resisting  disintegrating  agencies.  The  durability  of  stone 
exposed  to  extreme  variations  of  temperature  depends  to  a  certain 
extent  upon  its  porosity.  Mechanical  agencies,  such  as  wind  and  the 
action  of  rain,  are  of  secondary  importance.  Organic  disintegrating 
agencies,  such  as  growing  organisms,  may  occasionally  cause  consider- 
able damage.     This  is  more  particularly  the  case  with  limestone. 

Stone  offers  very  great  resistance  to  compression.  A  weak  sand- 
stone will  withstand  a  pressure  of  100  tons  to  the  square  foot. 

Working  the  Stone.  Sedimentary  stone  which  has  been  deposited 
in  layers  should  be  set  with  the  bedding  horizontal.  Most  stones  harden 
or  season  when  exposed  to  the  air,  probably  in  part  due  to  loss  of  water. 

Granite.  The  granites  vary  greatly  in  composition  and  properties. 
They  are  all  crystalline,  with  crj^stals  from  an  inch  or  more  in  length 
to  microscopic  size.  Quartz,  feldspar,  and  mica  are  the  essential  con- 
stituents of  granite.  Light-colored  granite  usually  weathers  more  rapidly 
than  the  darker  varieties.  Granite  is  durable,  but  it  is  difficult  to  work. 
If  pyrites  (FeS2)  is  present,  rust  often  appears  on  exposure  to  weather 
and  the  granite  is  likely  to  undergo  disintegration  more  rapidly.  Dark 
fine-grained  granites  are  the  most  resistant  to  weathering. 

Sandstone.  Sandstone  consists  of  grains  of  sand  held  together  by 
some  cementing  substance  which  exerts  a  great  influence  upon  the 
resisting  qualities  of  the  stone.  Siliceous  sandstone  are  those  in  which 
the  cementing  substance  is  silica;  ferruginous,  in  which  the  cement  con- 
tains Fe203;  calcareous  sandstone,  in  which  the  cement  is  calcium  car- 
bonate (CaCOj) ;  feldspathic  sandstone,  in  which  the  cement  is  feldspar. 
The  siliceous  sandstones  resist  weathering  agencies,  but  are  hard  to 
work.  When  the  cementing  substance  is  calcareous  it  is  easy  to  work, 
but  does  not  stand  weathering  well.  Stones  that  are  to  stand  the  action 
of  acid  liquors  should  be  only  slightly  porous  and  contain  no  minerals, 
such  as  seams  of  calcium  carbonate,  that  the  acid  could  attack. 
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Slate.  Slate  is  easily  obtained  in  any  thickness.  Two-inch  slabs 
are  usually  used  for  making  vats;  they  are  grooved  and  bolted  together 
the  joints  being  made  tight  by  means  of  rubber  packing,  melted  sulphur, 
or  a  cement  of  litharge  and  glycerine.  Dilute  acids  act  upon  slate  ver}' 
slowly,  but  it  is  rapidly  softened  by  concentrated  acids.  It  is  some- 
times used  in  the  construction  of  Deacon's  chlorine  chambers,  and  for 
electrolytic  tanks. 

Limestones.  Limestones  are  composed  of  carbonates  of  calcium  and 
magnesium,  with  small  quantities  of  impurities,  and  being  comparatively 
soft  are  not  very  durable.  They  var>'  in  color  and  are  used  for 
building  purposes. 

Bricks.  Red  bricks  are  made  from  fairly  clean  clay,  nearly  free 
from  lime  and  containing  more  or  less  iron  oxide,  to  which  their  color 
is  due.  In  setting  bricks  the  binding  material  generally  used  is  mortar, 
made  by  mixing  slaked  lime  with  sand,  1  cu.yd.  of  lime  to  4  to  6  cu. 
yds.  of  sand,  yielding  4  to  6  cu.yds.  of  mortar.  If  the  brick  is  to  be 
exposed  to  moisture  as  in  water  tanks,  cement  is  used,  and  it  is  usually 
mixed  with  sand  or  mortar.  Mortar  shrinks  on  setting,  while  cement 
expands  slightly.  Bricks  used  for  foundations  of  buildings  or  machinery 
are  usually  set  in  cement.  When  used  as  foundation  for  machiner}% 
cement  should  be  protected  from  oil,  which  has  a  disintegrating  effect 
upon  it. 

Firebricks.  Firebricks  are  designed  to  stand  high  temperatures,  and 
are  made  from  clay  poor  in  iron,  alkalies,  lime,  and  magnesia.  They 
contain  from  50  to  70  per  cent  of  silica,  and  as  small  a  per  cent  of 
fluxing  agent  as  possible  (Fe203,  CaO,  MgO,  Na20,  K2O,  TiOs).  The  grains 
should  be  coarse,  as  silica  in  fine  grains  does  not  stand  high  temper- 
atures. The  joints  between  firebricks  are  made  with  fireclay,  which 
should  approach  in  composition  that  of  the  brick.  The  clay  is  mixed 
with  water  to  a  thick  paste,  into  which  the  bricks  are  dipped.  A  thin 
layer  of  fireclay  adheres  to  the  brick,  which  is  then  placed  in  position 
and  forced  close  up  against  the  adjoining  brick.  Firebricks  can  be 
obtained  varying  in  composition,  size  and  shape.  They  are  generally 
used  in  combination  with  ordinary  bricks,  the  firebrick  being  placed 
on  the  inside  where  the  heat  is  great  and  the  common  brick  forming 
the  outside. 

Special  refractory-  brick  are  also  on  the  market,  made  from  mag- 
nesite  bauxite,  chrome  iron  ore,  graphite,  and  carbon.  Magnesite 
brick,  being  basic,  are  attacked  by  silica,  but  resist  well  in  copper,  lead, 
nickel,  and  silver  furnaces.  While  bauxite  and  chrome-iron  bricks, 
being  ver\-  refractory,  are  used  to  line  steel  furnaces.  Carbon  brick, 
which  consist  of  retort  carbon,  coke,  graphite  finely  ground,  mixed  with 
tar  and  burnt,  are  used  in  electro-metallurgical  furnaces;  being  good 
conductors  of  electricity  and  highly  refractor^-.  They  are  poor  conductors 
of  heat. 
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When  a  new  furnace  is  started  it  should  be  gradually  raised  to  the 
temperature  to  be  maintained.  When  stopped  it  should  be  cooled 
gradually.  This  is  done  by  letting  the  fire  down  slowly  and  closing 
all  dampers  to  prevent  the  ingress  of  cold  air. 

Glass.  Though  fragile  and  liable  to  crack  by  changes  of  tempera- 
ture, glass  is  much  used  for  apparatus  employed  in  the  manufacture 
of  acids  and  r.alts  that  attack  metals.  Glass  pipes  are  used  to  conduct 
acid  gases,  such  as  hydrochloric  acid,  from  the  furnace  to  the  condenser; 
also  in  the  construction  of  Hart's  nitric  acid  condenser.  Glass  vessels 
are  sometimes  used  in  the  concentration  of  sulphuric  acid.  Soda-lime 
glass  is  mostly  used  at  present,  though  Jeija  and  similar  glasses  are  being 
introduced  and  would  be  more  used  if  the  price  were  not  so  high.  The 
glass  is  much  less  liable  to  crack  by  sudden  changes  of  temperature,  if 
it  is  composed,  in  part  at  least,  of  zinc  boro-silicate.  Alkalies  dissolve 
glass,  while  acids  and  even  water  act  ver>^  slowly  upon  it,  but  for  man- 
ufacturing purposes  glass  may  be  considered  as  acid  and  water  resisting. 
The  heating,  cooling,  expansion,  and  contraction  of  glass  also  causes  certain 
molecular  changes  in  its  structure.  Glass  vessels  when  set  in  a  furnace 
should  be  so  arranged  as  to  allow  for  contraction  and  expansion  by  heat 
changes.     To  accomplish  this  the  vessels  may  be  placed  in  a  sand  bath. 

Stone-  and  Earthenware.  These  vessels  should  be  well  salt  glazed, 
as  their  resistance  to  the  action  of  chemicals  depends  to  a  great  extent 
upon  the  quality  of  the  glaze.  Well-glazed  earthenware  will  stand 
hot  acids,  and  it  is  generally  made  heavy  enough  to  stand  considerable 
rough  usage.  Earthenware  apparatus  should  not  be  exposed  to  great 
and  sudden  changes  of  temperature. 

India  Rubber.  Rubber  is  usally  vulcanized  and  generally  reinforced 
by  canvas  cloth,  of  which  there  may  be  several  layers  alternating  with 
layers  of  rubber,  thereby  giving  proper  strength  to  the  materials.  Rubber 
is  attacked  by  oxidizing  agents  and  does  not  stand  high  temperatures, 
becoming  either  hard  and  brittle  or  soft  and  sticky.  Concentrated  acids 
will  destroy  rubber,  while  dilute  acids  act  slowly  upon  it.  Dilute  cold 
alkaline  solutions  act  upon  it  slowly,  but  hot  concentrated  solutions 
rapidly  attack  it. 

Hard  Rubber.  This  is  used  to  some  extent  in  the  manufacture  of 
acid  pumps,  pipes,  valves,  and  acid  cocks.  It  is  light  in  weight,  though 
not  strong,  and  hydrofluoric  acid  is  kept  in  hard  rubber  containers. 

Asbestos.  Commercial  asbestos  is  obtained  from  a  variety  of  amphi- 
bole,  a  silicate  of  calcium  oxide  and  magnesium  oxide,  or  from  a  variety 
of  serpentine  (cr>^sotile) ,  which  is  a  hydrated  silicate  of  magnesia.  Though 
differing  in  chemical  composition  these  minerals  are  very  similar  in 
physical  properties.  Amphibole  asi)ostos  is  the  more  fusible,  and  crj^sotile 
asbestos  is  the  stronger  and  more  elastic.  Asbestos  is  a  non-conductor 
of  heat  and  is  used  as  a  covering  for  steam  pipes,  furnaces,  and  boilers, 
as  a  fireproofing  and  to  prevent  loss  of  heat  by  radiation.     Acids  have 
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but  little  action  on  it,  and  it  is  used  in  making  joints  in  apparatus  for 
concentrated  acids.  It  is  found  on  the  market  in  a  variety  of  shapes, 
such  as  fiber,  paper,  board,  cloth,  and  rope. 

Cement.  That  most  generally  used  in  the  United  States  is  Portland 
cement,  which  is  made  by  heating  to  incipient  fusion  an  intimate  mix- 
ture of  calcium  carbonate,  and  clay  rich  in  silica  and  grinding  the 
resulting  product  to  extreme  fineness.  This  fine  powder,  mixed  with 
water  soon  passes  from  the  plastic  to  the  solid  state,  which  process  is 
termed  "  setting  "  and  requires  a  few  hours,  while  the  process  of  hard- 
ening needs  six  months  to  a  year  for  its  completion.  It  is  practically 
insoluble  in  water  and  hardens  in  its  presence. 

Concrete.  This  is  usually  made  by  mixing  1  part  of  cement  with 
3  parts  of  sand  and  5  parts  of  gravel  or  broken  stone.  It  is  used  in 
making  foundations  for  machinery,  floors,  tanks,  cisterns,  and  in  the 
construction  of  buildings.  By  using  cinder  in  the  place  of  gravel,  the 
concrete  formed  is  lighter  and  softer,  nails  can  be  driven  into  it,  but  it  is 
much  weaker  and  should  not  be  subjected  to  heavy  strain.  When 
concrete  is  used  for  the  construction  of  vats  or  cisterns,  it  should  be  cov- 
ered with  a  mixture  of  Portland  cement  1  part  of  cement  and  2  parts 
of  sand;   or  1  part  of  cement,  1  part  of  slaked  lime,  and  1  part  of  sand. 
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Cement  Waterproofing.  Asphalt  is  the  best  coating  for  concrete  or 
cement  walls  to  make  them  waterproof.  Oil-proof  cement  is  a  stiff 
paste  of  slightly  diluted  glj-cerine  and  litharge,  mixed  when  needed, 
or  a  solution  of  sodium  silicate  35°  B6.  made  into  a  stiff  paste  with 
precipitated  calcium  carbonate,  magnesium  carbonate,  or  white  lead. 
Acid-proof  Cement. 

No.  I.  Boiled  linseed  oil  and  fire  clay. 

No.  II.  Black  putty  made  by  mixing  equa  parts  of  gas  tar,  linseed 
oil,  and  dry  china  clay. 
To  Resist  Hydrocarbon  Gases. 

Silicate  of  sodium  42°  B6.  mixed  with  asbestos,  clay  or  sand. 
Chlorine  Resistant. 

Powdered  glass,   Portland  cement  and  silicate  of  soda,  of  each 
one  part,  to  which  may  be  added  a  small  amount  of  powdered 
slate. 
Elastic  Cement. 

Equal  parts  of  pure  linseed  oil  and  clean  gum  rubber  are  mixed, 
the  rubber  being  first  dissolved  in  the  smallest  possible  amount 
of  carbon  disulphide. 

^Chem,  Eng.y  Vol.  Ill,  p.  271. 
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General  Cement. 

Plaster  of  Paris  mixed  with  asbestos,  oatmeal,  straw,  plush 
trimmings,  hair,  broken  stone,  and  other  substances,  used 
according  to  strain,  temperature,  and  other  conditions.  A 
putty  of  flour  and  molasses  is  useful. 

Marine  Glue. 

Gum  rubber 1  part 

Shellac 2    '' 

Pitch 3     " 

All  melted  together  at  as  low  a  temperature  as 
possible. 

Stone  Cement. 

Zinc  or  magnesium  oxide 2  parts. 

Zinc  or  magnesium  chloride 1     ** 

Powdered  stone  as  a  dilutant. 
Water  to  make  a  paste. 

Iron  Cement. 

Iron  filings 40  parts. 

Manganese  oxide 10     '' 

Ammonium  chloride 1     " 

Portland  cement 20  to  40  parts 

Water  to  form  a  paste. 

Casein  Cement. 

A  solution  of  casein  in  water  glass. 

Lute  for  Essence  Stills. 

Rye  meal,  plaster  of  Paris  and  water  to  form  a  paste. 
The  rye  meal  gives  elasticity  to  the  lute. 

Dr\'  clay  and  linseed  oil  gives  an  excellent  lute,  not  very  strong, 
but  resisting  the  action  of  many  chemicals.  For  gas  fittings  white  lead 
ground  in  linseed  oil,  mixed  with  red  lead,  is  good.  Sulphur  and  powdered 
glass  fused  together,  may  be  used  for  making  or  cementing  cisterns,  vats, 
etc.,  for  chemical  use. 

Preservation  of  Structural  Materials.  Stone  for  structural  purposes 
must  be  selected  so  as  to  stand  the  climate  of  the  country  in  which  it 
is  to  be  used.  Porous  stone  and  brick  may  be  made  non-porous  by 
the  use  of  some  fattv  or  oilv  varnish  which  will  sink  into  it.  These 
applications  must  be  renewed  from  time  to  time.  The  varnishes  gen- 
erally used  are  drying  oils,  paraffins  dissolved  in  naphtha,  and  soft  soap, 
followed  by  a  solution  of  an  aluminium  salt  which  forms  insoluble  salts 
of  the  fatty  acids  of  the  soap.  The  application  of  paint  is  the  most 
common  preservative  used  for  brick.     In  a  general  way  it  may  be  stated 
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that  the  more  finely  divided  the  pigment  the  less  porous  will  the  coat 
of  paint  be.  Sandstone  may  be  successively  treated  with  an  alkaline 
silicate,  which  is  allowed  to  dn\  and  then  with  a  solution  of  a  chloride 
of  an  alkaline  earth.  This  forms  the  insoluble  silicate  of  the  alkaline 
earth.  The  solutions  generally  used  are  sodium  silicate  and  calcium 
chloride.     The  sodium  chloride  formed  is  washed  or  weathered  out. 

In  the  selection  of  a  paint  for  iron  or  steel,  care  should  be  taken 
that  the  compoxmd  selected  does  not  excite  electrical  action,  which  would 
stimulate  corrosion.  The  dichromates  of  the  alkaline  earths  have  a 
preservative  action  and  pigments  containing  these  have  been  foimd 
useful  for  protection  of  iron  and  steel.  Venetian  red  is  generally  looked 
upon  as  a  good  pigment  for  iron.  It  is  usually  prepared  by  the  cal- 
cination of  a  mixture  of  ferrous  sulphate  and  lime.  Thus  prepared,  the 
pigment  contains  calcium  sulphate  and  perhaps  free  sulphuric  acid  in 
small  quantities,  together  with  small  quantities  of  basic  ferrous  sulphate. 
Such  a  mixture  would  have  a  corroding  action  on  iron  even  if  no  free 
sulphuric  acid  were  present.  The  calcium  sulphate  in  the  presence  of 
water  would  slowly  dissolve  and  corrode  the  metal. 

In  general,  all  pigments  which  are  liable  to  imdergo  dissociation 
may  be  considered  unsafe  for  iron  and  steel. 

Perfectly  pure  iron  oxide  is  a  satisfactory'  pigment.  The  natural 
oxide  and  earthy  mixtures  of  the  same  are  safer  than  those  manufactured 
by  the  decomposition,  by  means  of  heat,  of  some  salt  of  iron.  Iron 
may  also  be  protected  l:)y  enameling.  In  the  Bower-Barff  process  for 
the  protection  of  iron  the  articles  are  heated  in  a  muffle  to  about  1000° 
F.  (538°  C.)  and  superheated  steam  at  about  the  same  temperature  is 
admitted  to  the  muffle.  The  iron  decomposes  the  steam  and  a  coating 
of  Fe304  is  formed  on  the  iron,  which  protects  it  as  long  as  it  lasts 
unbroken.  In  another  process  the  iron  articles  are  immersed  in  water 
and  made  the  anode  of  an  electric  circuit,  and  a  film  of  Fe304  is  formed, 
which  acts  as  protection  to  the  metal.  In  Angus  Smith's  process  for 
the  protection  of  iron  pipe,  the  pipe  is  cleaned  ver}-  thoroughly,  heated 
to  700°  F.  (371°  C.)  and  dipped  into  a  mixture  of  coal  tar,  pitch,  and 
a  little  linseed  oil  and  heated  to  300°  F.  (149°  C).  The  pipes  are 
dipped  vertically,  allowed  to  remain  for  a  few  minutes  in  the  bath, 
then  drained  and  cooled  in  a  vertical  position. 
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R.  B.  DOLE 
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Composition  of  Natural  Waters.  All  natural  waters  contain,  dissolved 
or  suspended  in  them,  more  or  less  of  all  materials  with  which  they  have 
come  into  contact.  Therefore  absolutely  pure  water  cannot  be  obtained 
for  industrial  purposes,  and  the  fitness  of  a  natural  water  for  use  in  any 
given  process  depends  on  its  content  of  other  substances.  The  amounts 
of  such  substances  is  determined  principally  by  the  chemical  compo- 
sition and  physical  structure  of  the  contact  materials,  temperature, 
pressure,  and  duration  of  contact,  and  the  condition  and  amount  of 
matter  previously  incorporated  in  the  water. 

In  general  water  from  regions  of  old  rocks  like  granite  are  low  in 
mineral  content;  those  from  regions  of  limestone  are  hard;  those  from 
regions  of  alkali  deposits  are  high  in  sodium  and  potassium;  and  those 
from  swampy  regions  are  highly  colored.  Surface  waters  flowing  through 
districts  of  easily  disintegrated  material  like  clay  are  muddy.  The 
drainage  from  basins  with  low  rainfall  is  more  highly  mineralized  than 
that  from  more  humid  areas.  Ground  waters  are  usually  higher  in 
mineral  content  than  surface  waters  in  the  same  locality,  though  this 
superiority  is  somewhat  counterbalanced  by  the  fact  that  ground  waters 
are  usually  clear,  while  surface  waters  are  frequently  very  muddy.  For 
these  reasons  the  surface  waters  of  New  England  and  the  extreme  north- 
west are  low  in  mineral  content  and  fairly  clear  but  often  highly  colored. 
The  rivers  of  the  southeastern  States  arc  somewhat  more  strongly  min- 
eralized and  carr}'  large  quantities  of  fine  suspended  matter,  while  most 
of  the  streams  in  Mississippi  River  basin  are  muddy  and  very  hard.  The 
rivers  in  the  semi-arid  valleys  west  of  the  Rocky  Mountains  often 
contain  much  mineral  matter,  particularly  alkali.  The  chemical  com- 
position of  the  water  in  some  typical  rivers  of  North  America  may 
be  seen  in  the  following  table,  in  which  the  figures  represent  the  average 
condition: 
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AVERAGE  CHEMICAL  COMPOSITION  OF  THE  WATERS  OF  TYPICAL  RIVERS. 

(Parts  per  million.) 


Suspended  solids 

Dissolved  solids 

Silica  (SiO,) 

Iron  (Fe) 

Calcium  (Ca) 

Mafpiesium  (Mg) 

Sodium  and  potassium 

(Na+K) 

Carbonate  radicle  (CO,) . . . 
Bicarbonate  radicle  (HCO,) 

Sulphate  radicle  (SO4) 

Nitrate  radicle  (NO,) 

Chlorine  (a) 

Probable    scale,    including 

suspended  matter 

Probable    scale,    excluding 

suspended  matter 
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An  important  feature  that  is  often  overlooked  in  projected  industrial 
applications  of  water  is  the  fluctuation  in  mineral  content,  for  continual 
changes  of  conditions  influencing  solution  result  in  var>'ing  mineraliza- 
tion of  waters.  Rivers  are  most  strongly  affected  by  this  fluctuation, 
the  variations  amounting  to  100  per  cent  from  week  to  week  in  the 
mineral  content  even  of  waters  in  large  rivers;  streams  are  usually  lower 
in  dissolved  solids  and  higher  in  suspended  solids  during  floods,  when  the 
water  is  diluted  by  rain,  and  higher  in  dissolved  solids  and  lower  in 
suspended  solids  during  droughts  and  frozen  periods,  when  the  greater 
part  of  the  stream  flow  is  derived  from  underground  supplies.  Shallow 
wells  are  influenced  in  like  manner,  though  not  to  so  great  extent,  and 
the  quality  of  water  from  very  deep  wells  often  fluctuates  appreciably. 
These  marked  changes  are  important  because  they  necessitate  continual 
adjustment  of  softening  and  clarifying  reagents  where  waters  are  being 
purified,  and  they  also  make  it  impossible  to  determine  definitely  by  single 
analyses  the  quality  of  natural  waters,  especially  those  from  running 
streams. 

Examination  of  Water.  For  purposes  of  examination  the  substances 
that  may  be  present  in  water  are  classified  as  suspended  matter,  such 
as  particles  of  clay,  sand,  or  leaves,  dissolved  matter,  either  of  mineral 

*  Figures  taken  from  Water-supply  Papers,  U.  S.  Geo.  Survey,  Nos.  236,  237 
and  274. 
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or  organic  origin,  microscopic  animals  or  plants,  and  bacteria.  Micro- 
scopical examination  gives  information  regarding  small  organisms  likely 
to  affect  the  quality,  such  as  growths  of  crenothrix,  beggiatoa,  and  other 
forms  of  similar  nature.  Bacteriological  processes  are  employed  to  ascer- 
tain the  probability  of  contracting  disease  from  water  and  they  find 
industrial  application  particularly  in  testing  waters  that  are  used  in 
the  manufacture  of  food  materials.  By  physical  tests  color,  odor,  tur- 
bidity, or  muddy  appearance,  taste,  and  temperature  are  determined. 

Though  all  classes  of  tests  are  valuable  in  the  examination  of  industrial 
waters,  the  chemical  analysis  is  most  important  and  the  estimates 
commonly  made  in  order  to  determine  the  amount  and  the  nature  of  the 
mineral  ingredients  are  as  follows  : 

Common  Determinations  to  Ascertain  the  Mineral  Ingredients  of 

Natural  Waters. 

Total  suspended  solids.  Free  carbon  dioxide. 

Total  dissolved  solids.  Free  hydrogen  sulphide. 

Total  hardness.  Free  acids. 

(Dissolved  Constituents.) 

Silica  (SiOa)  •  Carbonate  radicle  (CO3) 

Iron  (Fe)  Bicarbonate  radicle  (HCO3) 

Aluminium  (Al)  Sulphate  radicle  (SO4) 

Calcium  (Ca)  Nitrate  radicle  (NO3) 

Magnesium  (Mg)  Chlorine  (CI) 
Sodium  (Na) 
Potassium  (K) 

These  are  measures  of  the  substances  most  commonly  present  and 
most  likely  to  affect  the  industrial  value  of  water.  The  analytical  methods 
by  which  these  estimates  are  made  have  been  so  thoroughly  described 
in  text-books  of  chemistry  that  it  is  not  necessary  to  repeat  them  here. 
The  suspended  matter  usually  is  not  analyzed,  as  it  is  sufficient  for 
industrial  purposes  to  know  simply  its  amount,  general  character,  and 
fineness.  The  latter  condition  is  expressed  numerically  by  the  coeffi- 
cient of  fineness,  the  quotient  obtained  by  di\'iding  the  weight  of  the 
suspended  matter  by  the  turbidity.  Sodium  and  potassium  frequently 
are  not  separated  from  each  other,  the  total  weight  of  them  giving 
sufficient  information. 

To  complete  the  catalogue,  the  chemical  tests  of  sanitarj'  analysis 
may  be  mentioned:  namelv,  free  and  albuminoid  ammonia,  nitrites, 
dissolved  oxygen,  oxygen  consumed,  and  organic  nitrogen.  The  results 
of  such  tests  are  useful  in  measuring  the  amount  of  known  pollution  by 
organic  matter  or  in  measuring  the  extent  of  its  removal  by  processes 
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of  purification,  but  exclusive  reliance  should  not  be  placed  in  them  for 
demonstrating  the  presence  or  absence  of  polluting  matter. 

When  the  quality  of  any  supply  is  to  be  determined,  it  is  important 
that  samples  representing  all  normal  conditions  of  the  water  be  examined. 
Daily  or  weekly  tests  of  surface  waters  over  a  long  period  must  be  made 
before  the  fluctuations  of  quality  can  be  known,  and  samples  of  well 
water  should  be  collected  imder  different  conditions  of  pumping  and 
saturation  of  the  water  table.  Such  multiplication  of  tests  is  expensive, 
but  it  is  more  economical  than  hasty  installation  without  adequate 
knowledge  regarding  the  quality  of  the  proposed  supply. 

Expression  of  Results.  The  results  of  microscopical  and  bacterio- 
logical tests  are  almost  uniformly  expressed  as  the  number  of  organisms 
per  cubic  centimeter  of  water.  Chemical  analyses  are  reported  in  various 
units,  the  most  common  of  which  are  grains  per  United  States  gallon, 
grains  per  Imperial  gallon,  parts  per  hundred  thousand,  and  parts  per 
million.  Simplicity  of  computations,  avoidance  of  cumbersome  fractions, 
and  certainty  of  the  basic  unit  make  the  latter  system  especially  satis- 
factory for  practical  purposes.  It  has  been  adopted  by  sanitary  and 
research  chemists  and  by  many  technical  chemists,  and  the  exclusive 
employment  of  this  unit  industrially  is  delayed  only  by  more  or  less 
objectionable  precedent.  The  following  table  of  factors  gives  the  relations 
between  the  different  units: 

Factors  for  Rbcomputation  of  Analyses. 

One  grain  per  U.  S.  gallon  multiplied  by  17.1  equals  parts  per  million. 

One  grain  per  Imperial  gallon  multiplied  by        14.3  "  '' 

One  part  per  himdred  thousand  multiplied  by    10.0  "  ** 

One  pound  per  1,000  gallons  multiplied  by        120.0  "  " 

One  English  degree  multiplied  by  14.3 


«  tt 


The  analytical  methods  commonly  employed  in  the  examination  of 
water  permit  the  estimation  of  the  elements  and  radicles  that  are  present; 
they  also  permit  the  determination  of  the  total  amount  of  matter  in 
solution  and  treatment  with  dilute  alcohol  effects  more  or  less  approx- 
imate separation  of  the  incrusting  from  the  non-incrusting  constituents. 
Besides  these  data,  however,  ordinary  chemical  tests  contribute  little 
to  knowledge  regarding  the  chemical  composition  of  waters,  and  conse- 
quently the  exact  amounts  of  the  different  salts  in  solution  are  largely 
matter  for  conjecture.  Though  such  substances  as  sodium  chloride, 
potassium  carbonate,  and  magnesium  sulphate  are  probably  present, 
they  are  not  determined  as  such,  and  with  information  only  as  to  the 
amounts  of  the  elements  and  radicles  it  becomes  mathematically  impossible 
correctly  to  apportion  the  bases  among  the  acids.  Therefore,  rules  for 
making  combinations  of  the  radicles  are  necessarily  arbitrary,  and  reports 
of  hypothetical  combinations  by  different  analysts  are  frequently  so 
widely  divergent  as  to  be  incapable  of  comparison  with  each  other. 
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The  ionic  form  of  statement,  or  statement  of  the  radicles  determined, 
appeals  particularly  to  those  engaged  in  technical  work  because  it  presents 
the  actual  results  for  the  consideration,  criticism,  and  appHcation  of 
persons  other  than  those  making  the  tests.  Analyses  in  this  form  can 
be  compared  directly  with  each  other,  and  discussions  based  on  them 
can  be  put  in  much  more  definite  form  than  those  based  on  purely  hyp)o- 
thetical  combinations. 

Uses  of  Water.    In  judging  the  value  of  water  from  the  data  afforded 
by  analysis  it  is  necessarj^  to  consider  the  supply  both  in  relation  to  the 
use  to  which  it  is  to  be  put  and  in  relation  to  other  available  supplies. 
Besides  being  used  for  drinking  and  for  general  domestic  purposes,  water 
is  essential  in  steam  making,  paper  making,  starch  manufacture,  and 
many  other  industrial  processes.     For  each  of  these  applications  the 
amounts  of  certain  ingredients  in  the  water  determine  its  value  and 
assist  in  its  classification.     For  example,  considerable  iron  in  a  wate^ 
may  be  harmful  in  one  process  and  harmless  in  another.     The  value  of 
a  water  for  another  process  may  be  directly  measurable  by  the  amount 
of  suspended  matter,  the  amount  of  dissolved  matter  not  being  signifi- 
cant.    It  is  obvious  that  the  chemical  composition  of  other  available 
supplies  should   be   taken   into   consideration,   because  the   best  water 
that  can  be  obtained  at  reasonable  expense  should  be  used.     Therefore, 
the  best  practice  is  to  consider  the  quality  of  the  water  in  relation  both 
to  its  application  and  to  other  local  supplies. 

Water  for  Boiler  Use.  The  chief  industrial  use  of  water  is  for  steam 
making  and  its  value  for  that  purpose  depends  primarily  on  the  amount 
and  the  chemical  character  of  the  mineral  matter  dissolved  and  sus- 
pended in  it.  The  troubles  in  boiler-room  practice  caused  by  the  mineral 
constituents  of  natural  waters  are  scale  formation,  corrosion,  and  priming. 

Formation  of  Scale.  Formation  of  scale  is  the  deposition  of  mineral 
matter  within  the  boiler  shell,  and  the  deposit  is  called  incrustation, 
sediment,  or  sludge  according  to  its  texture  and  its  position.  When 
water  is  heated  under  pressure  and  concentrated  by  evaporation  as  in 
a  steam  boiler,  certain  substances  go  out  of  solution  and  solidify  on  the 
flues  and  crown  sheets  or  within  the  tubes.  These  deposits  cause  increased 
fuel  consumption  because  they  are  poor  conductor  of  heat  and  increased 
cost  of  boiler  repairs  and  attendance  because  they  have  to  be  removed. 
If  the  amount  of  scale  is  great  or  if  it  is  allowed  to  accumulate,  the 
boiler  capacity  is  decreased  and  disastrous  explosions  are  likely  to  occur. 
Formation  of  scale  is  the  most  common  boiler  trouble,  probably 
one-fifth  of  the  steam  generators  in  this  country  being  found  defective 
on  that  account.  Some  idea  of  the  importance  of  scale  formation  and 
of  means  of  preventing  it  may  be  gained  by  considering  the  effect  of 
a  water  like  that  of  Mississippi  River,  which  carries  120  parts  per  million 
of  scale-forming  ingredients  after  the  suspended  matter  has  been  removed. 
If  such  water  were  used  without  condensers  under  ordinary  conditions 
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in  a  plant  developing  1,000  horse  power,  besides  the  increased  cost  of 
fuel,  maintenance,  and  depreciation,  the  scale  itself  would  amount  to 
a  ton  in  twenty  working  days  of  twenty-four  hours  each,  and  this  mass 
would  have  to  be  shoveled,  scraped,  and  hammered  from  the  inside  of 
the  boiler. 

The  scale  or  incrustation  consists  of  the  substances  that  are  insoluble 
in  the  feed-water  or  become  so  within  the  boiler  under  conditions  of 
ordinary  operation.  It  includes  practically  all  the  suspended  matter; 
the  silica,  probably  precipitated  as  the  oxide;  the  iron  and  aluminium, 
appearing  in  the  scale  as  oxides  or  hydrated  oxides;  the  calcium,  pre- 
cipitated in  the  form  of  carbonate  and  sulphate;  and  the  magnesium 
found  in  the  deposits  principally  as  the  oxide  but  partly  as  the  carbonate. 
The  scale  constituted  by  these  substances  is,  therefore,  a  mixture  of 
compoimds,  which  varies  in  amount,  density,  hardness,  and  composition 
with  different  conditions  of  water  supply,  steam  pressure,  type  of  boiler, 
and  other  circumstances.  Calcium  and  magnesium  are  the  principal 
basic  substances  in  the  scale,  over  90  per  cent  of  which  usually  is 
calcium,  magnesium,  carbonates,  and  sulphates.  If  much  organic  matter 
is  present  part  of  it  is  precipitated  with  the  mineral  scale,  as  the  organic 
matter  is  decomposed  by  heat  or  by  reaction  with  other  substances. 
If  magnesiiun  and  sulphates  are  comparatively  low  or  if  suspended  matter 
is  comparatively  high  the  scale  is  soft  and  bulky  and  may  be  in  the 
form  of  sludge  that  can  be  blown  or  washed  from  the  boiler.  On  the 
other  hand  a  clear  water  relatively  high  in  magnesium  and  sulphates 
may  produce  a  hard,  compact  scale  that  is  nearly  as  dense  as  porcelain, 
clings  to  the  tubes,  and  offers  great  resistance  to  the  transmission  of 
heat.  Therefore  the  value  of  a  water  for  boiler  use  depends  not  only  on 
the  quantity  of  scale  produced  by  it  but  also  on  the  physical  structure 
of  the  scale. 

Corrosion.  Corrosion,  or  "  pitting,"  is  caused  chiefly  by  the  solvent 
action  of  acids  on  the  iron  of  the  boiler.  Free  acids  capable  of  dis- 
solving iron  occur  in  some  natural  waters,  especially  in  the  drainage 
from  coal  mines,  which  usually  contains  free  sulphuric  acid.  Some  factory 
wastes  carry  free  acids  into  streams.  Many  ground  waters  contain  free 
hydrogen  sulphide,  a  gas  that  readily  attacks  boilers;  and  dissolved 
oxygen  and  free  carbon  dioxide  also  are  corrosive  in  their  action.  Organic 
matter  is  probably  a  source  of  acids,  for  it  is  well  known  that  waters  high 
in  organic  matter  and  low  in  calcium  and  magnesium  are  corrosive, 
though  the  exact  nature  and  action  of  the  organic  bodies  are  not  understood. 
Acids  freed  in  the  boiler  by  the  deposition  of  basic  radicles  as  hydrates 
are  the  most  important  cause  of  corros've  action.  Iron,  aluminium, 
and  magnesiimi  are  precipitated  as  hydrates  that  are  later  partly  or 
completely  converted  into  oxides.  According  to  the  chemical  compo- 
sition of  the  water  the  acid  radicles  that  were  in  cquil  brium  with  these 
bases  may  do  one  or  all  of  three  things:  they  may  pa  s  into  equihbrium 
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with  other  bases,  displacing  equivalent  proportions  of  carbonates  and 
bicarbonates,  or  they  may  decompose  carbonates  that  have  been  pre- 
cipitated as  scale,  or  they  may  combine  with  the  iron  of  the  boiler,  thus 
causing  corrosion.  If  these  acids  exceed  the  amount  required  to  decompose 
the  carbonate  and  bicarbonate  radicles  present  the  iron  of  the  boiler  is 
attacked,  and  the  results  are  pits  or  tuberculations  of  the  interior  surface, 
leaks,  particularly  around  rivets,  and  consequent  deterioration  of  the 
boiler. 

Priming.  Priming  is  the  passage  of  water  mixed  with  steam  from 
the  boiler,  and  it  is  intimately  connected  with  foaming,  which  is  the 
formation  of  masses  of  bubbles  on  the  surface  of  the  water  in  the  boiler 
and  in  the  steam  space  above  the  water.  Foaming  results  when  anything 
prevents  the  free  escape  of  steam  from  the  water.  It  may  be  due  to 
particles  of  suspended  matter,  but  usually  the  principal  cause  is  an 
excess  of  dissolved  substances  that  increases  the  surface  tension  of  the 
liquid,  thereby  reducing  the  readiness  with  which  the  steam  bubbles 
can  break.  Therefore,  the  tendency  of  a  water  to  foam  varies  inversely 
with  the  concentration  it  will  undergo  before  developing  an  excessive 
surface  tension.  As  the  sodium  and  potassium  salts  remain  dissolved 
in  the  boiler  water  while  the  greater  portion  of  the  other  substances  is 
precipitated,  the  foaming  tendency  is  commonly  measured  by  the  degree 
of  concentration  of  the  alkaline  salts  in  solution,  because  this  figure  in 
connection  with  the  type  of  boiler  determines  the  length  of  time  a  boiler 
may  run  without  danger  of  foaming. 

Remedies  for  Boiler  Troubles.  The  best  remedy  for  troubles  caused 
by  substances  in  feed-waters  is  treatment  of  supplies  before  they  enter 
boilers;  this  subject  is  considered  under  "  Water  . Purification  "  (page 
o9).  When  such  treatment  cannot  be  given  there  are  various  ways 
of  reducing  potential  injur\\  Low-pressure,  large-flue  boilers  are  fre- 
quently used  in  stationary  plants  supplied  with  hard  waters,  and  it  is 
said  that  the  scale  formed  in  them  is  softer  and  more  flocculent  and 
can  therefore  be  more  readily  removed  than  that  in  high-pressure  boilers. 
Blowing  off  is  about  the  only  practical  means  of  preventing  foaming, 
because  this  trouble  is  due  principally  to  concentration  of  soluble  salts 
in  the  residual  water  of  the  boilers.  Accumulated  sludge,  or  scft  scale, 
can  be  removed  by  blowing,  particularly  in  locomotive  practice.  In 
condensing  systems  much  of  the  trouble  due  to  mineral  matter  in  the 
feed-water  is  obviated  because  the  quantity  of  raw  water  supplied  is 
proportionately  small.  The  problem  is  not  completely  solved  in  such 
systems,  because  the  incrusting  or  corrosive  action  is  transferred  from 
the  boiler  to  the  condenser,  which  requires  more  or  less  cleaning  and 
repairing  in  proportion  to  the  undesirable  qualities  of  the  water  supply. 

Boiler  Compounds.  Boiler  compounds  are  widely  used  in  regions 
where  hard  waters  abound,  but  treatment  within  the  boiler  should  be  given 
only  when  it  is  impossible  to  purify  the  supply  before  it  enters  the  boiler. 
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If  previous  purification  is  not  practicable  the  feed-water  frequently  can  be 
improved  by  judicious  addition  of   chemicals.     Many  substances,  ranging 
from  flour,  oatmeal,  and  sliced  potatoes  to  barium  and  chromium  salts, 
have  been  recommended  for  such  use,  but  only  a  few  have  proved  to 
be  really  economical.     These  substances  have  been  classified  according 
to  their  action  within  the  boiler.*     Those  that  attack  chemically  the 
scaling  and  corroding  constituents  precipitate  the  incrusting  matter  and 
neutralize  acids.     Soda  ash,  the  commercial  form  of  sodium  carbonate, 
containing  about  95  per  cent  Na2C03,  is  the  most  valuable  substance 
of  this  character,  because  it  is  cheap  and  because  its  use    is  attended 
with  the  least  objectionable  results.     Tannin  and  tannin  compounds  are 
also  used  for  the  same  purpose.     The  addition  of  limewater  to  the  feed- 
water  to  prevent  corrosion  and  to  obviate  foaming  has  been  recommended, ^ 
and  it  is  probable  that  lime  used  with  waters  high  in  organic  matter 
and   very   low   in   incrustants   would   improve    them.      Such    practice 
increases  the  incrustants  in  proportion  to  the  lime  added  but  prevents 
destruction  of  the  boiler  by  corrosion.     When  soda  ash  is  used  it  neu- 
tralizes free  acids  and  obviates  the  precipitation  of  calcium  sulphate 
by  causing  the  precipitation  of  calcium  carbonate.     At  the  same  time 
the  sodium  content  of  the  feed  is  increased  in  proportion  to  the  amount 
of  soda  ash.     Its  use  results  in  the  neutralization  of  acids,  in  the  pre- 
cipitation of  the  incrusting  ingredients  in  a  softer,  more  flocculent  form, 
thus  facilitating  their  removal,  and  in  the  increase  of  the  foaming  tendency 
of  the  water  by  increasing  its  content  of  dissolved  matter.     The  second 
class  of  boiler  compounds  comprises  those  that  act  mechanically  on  the 
precipitated  crystals  of  scale-making  matter  soon  after  they  are  formed, 
surrounding  them  and  robbing  them  of  their  cement-like  action.     Glu- 
tinous, starchy,  and  oily  substances  belong  to  this  class,  but  they  are  not 
now  used  to  any  considerable  extent,  because  they  thicken  and  foul  the 
water  more  than  they  prevent  the  formation  of  hard  scale.     The  third 
class  comprises  those  that  act  mechanically,  like  those  of  the  second 
class,  and  also  partly  dissolve  deposited  scale,  thus  loosening  it  and  aiding 
in  its  ready  removal.     Kerosene  is  the  most  effective  of  such  materials. 
Man}''  boiler  compounds  possessing  or  supposed  to  possess  one  or 
more  of  the  functions  just  described  are  on  the  market  and  the  sale 
of  them  is  very  great.     Some   are  effective   and  some   are   positively 
injurious.     Most  of  them  depend  for  their  chief  action  on  soda  ash,  petro- 
leiun,  or  a  vegetable  extract,  but  all  are  costly  compared  with  lime  and 
soda  ash.     It   can  be  readily  understood   that  boiler  compounds  can- 
not in  any  manner  reduce  the  total  amount  of  scale  but  may  increase  it. 
Their  only  legitimate  functions  are  to  prevent  deposition  of  hard  scale 

'  Caiy,  A.  A.,  The  Use  of  Boiler  Compounds,  Am.  Machinist,  Vol.  XXII,  Part  II, 
1899,  p.  1153. 

*  Palmer,  Chase,  Quality  of   the  Underground  Waters  in  the  Blue-grass  Region 
of  Kentucky.    Water-Supply  Paper,  U.  S.  Geol.  Survey,  No.  233,  1909,  p.  187. 
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and  to  remove  accumulations  of  scale  that  have  attached  themselves 
to  the  iron  of  the  boiler.  It  should  always  be  borne  in  mind  that  a 
steam  boiler  is  an  expensive  piece  of  apparatus  and  that  fuel  and  boiler 
repairs  also  are  expensive.  It  is  far  more  economical  to  have  the  water 
supply  analyzed  and  to  treat  it  effectively  by  certain  well-known  chemicals 
in  proper  proportion,  either  within  or  without  the  boiler,  than  to  experi- 
ment with  compounds  of  unknown  composition. 

Ntunerical  Standards.  The  value  of  natural  waters  for  boiler  use 
depends  primarily  on  their  corroding  and  foaming  tendencies  and  on 
the  amount  and  character  of  scale  likely  to  be  deposited  by  them,  but 
this  value  should  always  be  considered  in  connection  with  local  standards, 
for  no  matter  how  low  a  water  may  be  in  undesirable  constituents  it 
cannot  be  classed  as  good  if  it  is  poorer  in  quality  than  the  average 
water  of  the  region  in  which  it  occurs.  On  the  other  hand,  if  the  best 
available  supply  is  of  poor  quality  the  economy  of  purifying  it  even  at 
large  expense  is  obvious.  In  Maine,  for  example,  where  waters  con- 
taining less  than  100  parts  of  scale-forming  ingredients  are  extremely 
common,  a  supply  carrying  200  parts  of  such  substances  would  not  be 
classed  even  as  fair  for  boiler  use,  but  in  Indiana  such  a  supply  would 
be  classed  as  good,  because  in  the  latter  State  it  is  very  diflScult  to  find 
any  natural  water  not  exceeding  100  parts  in  scale-forming  constitu- 
ents. This  illustrates  the  uncertain  significance  of  local  descriptive 
epithets,  but  it  also  emphasizes  the  fact  that  relative,  not  literal,  trans- 
lations of  numerical  standards  should  always  be  made. 

Stabler,!  Jn  his  excellent  mathematical  discussion  of  the  quality 
of  waters  with  reference  to  industrial  uses,  gives  several  formulas  by 
which  waters  may  be  classified.  His  method  of  calculating  the  amount 
and  the  character  of  the  scale  likely  to  result  from  use  of  a  water  are 
quoted  with  the  formulas  recomputed  to  give  results  in  parts  per  million. 

il  =  Sm  +  Cm+  1.3Fe-f  1.9A1+  1.66Mg+2.95Ca, 

B = SiOa  + 1 .66Mg  + 1 .92C1  + 1 .42SO4  -  2.95Na  - 1 .74K, 

A  represents  parts  per  million  of  total  scale  and  B  parts  per  million 
of  hard  scale.  Sm,  Cm,  Fe,  Al,  Mg,  and  Ca  represent  respectively  the 
amounts  in  parts  per  million  of  suspended  matter,  colloidal  matter 
(silica  plus  oxides  of  iron  and  aluminium),  iron,  aluminium,  magnesium, 
and  calcium  in  the  water.  In  the  first  formula  calcium  should  not 
exceed  .668CO3  +  .328  HCO3+.417  SO4,  in  which  CO3,  HCO3,  ^^^  SO4 
represent  respectively  the  amounts  in  parts  per  million  of  the  carbonate, 

*  Stabler,  Herman,  The  Mineral  Analysis  of  Water  for  Industrial  Purposes  and  its 
Interpretation  by  the  Engineer.  Eng.  Xews,  Vol.  LX,  1908,  p.  355. 
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bicarbonate,  and  sulphate  radicles.  It  is  sometimes  uncertain  whether 
iron  and  aluminium  are  in  solution  or  in  colloidal  state,  but  in  applying 
this  formula  little  error  is  introduced  in  assuming  that  Cm  equals  silica 
only.  If  no  values  are  given  for  silica,  iron,  or  aluminium,  Cm  may  be 
taken  as  20  and  Fe  and  Al  as  zero  without  introducing  great  error. 
In  the  second  formula  Si02,  Mg,  CI,  SO4,  Na,  and  K  represent  respectively 
parts  per  million  of  silica,  magnesium,  chlorides,  sulphates,  sodium, 
and  potassium.  If  the  alkalies  are  not  separated,  the  figure  representing 
sodium  and  potassiimi  together  and  computed  as  sodium  may  be  used 
with  the  sodium  coefficient  in  place  of  the  last  two  terms  of  this  formula. 
The  ratio  (6)  between  the  amount  of  hard  scale  and  total  amount  of 
scale  is  an  index  of  the  probable  hardness  of  the  scale.  If  b  is  not  more 
than  0.25  the  scale  may  be  classed  as  soft;  if  between  0.25  and  0.5  as 
medium;    and  if  more  than  0.5  as  hard. 

Two  and  one-half  times  the  total  amount  of  sodium  and  potassium  in 
the  water  is  a  sufficiently  accurate  estimate  of  the  foaming  constituents. 
For  other  formulas  and  comments  on  those  quoted  here  Stabler's  original 
article  should  be  consulted. 

The  committee  on  water  service  of  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association  have  offered  a  classification  of 
waters  in  their  raw  state  that  may  be  employed  for  approximate  purposes, 
but,  as  their  report  states,  "  it  is  difficult  to  define  by  analysis  sharply 
the  line  between  good  and  bad  water  for  steam-making  purposes." 

Approximate  Classification  op  Waters  for  Boiler  Use 


Inerusting  and  corrodins 
oonstituents.^     Parts  per  million. 

Classification. 

More  than 

Not  more  than 

90 
200 
430 
680 

90 
200 
430 
680 

Good 
Fair 
Poor 
Bad 
Very  bad 

*  Proc.  Am.  Ry.  Eog.  and  Maintenance  of  Way  Assoc,  Vol.  V,  1904,  page  595, 


Foaming  constituents.* 
BEirts  per  million. 

Classification. 

More  than 

Not  more  than 

70 
150 
250 
400 

70 
150 
250 
400 

Very  good 
Good 
Fair 
Bad 
Very  bad 

•  Idem.  Vol.  IX.  1908,  p.  134. 
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The  limit  of  90  parts  of  incrusting  and  corroding  constituents  for 
the  class  of  good  waters  restricts  perfectly  acceptable  natural  waters 
to  a  small  number,  but  the  choice  of  that  figure  was  probably  influenced 
by  the  fact  that  the  incrustants  in  poorer  waters  can  usually  be  reduced 
by  proper  treatment  to  that  amount.  The  limits  must  be  interpreted 
liberally  in  practice,  because  they  are  modified  by  the  comparative  hardness 
of  the  incrustation  and  the  different  extent  of  corrosion  effected  by 
waters  of  the  same  mineral  content  but  of  different  chemical  composition. 
Waters  of  the  worst  class  may  be  improved  by  treatment  in  softening 
plants. 

The  question  how  hard  a  water  may  be  used  without  treatment  can 
be  decided  by  comparing  the  cost  of  artificially  softening  the  water 
with  the  saving  effected  by  the  use  of  softened  water. 

The  benefits  include : 

Saving  in  boiler  cleaning. 

Saving  in  boiler  repairs. 

Saving  in  fuel  due  to  decrease  in  scale. 

Increased  number  of  boilers  in  service. 

Decreased  depreciation  of  boilers. 

Value  of  materials  removed  by  softening  plant. 

The  cost  of  softening  includes : 

Labor  for  operating  softener. 
Power  for  operating  softener. 
Softening  chemicals. 
Interest  on  cost  of  installation. 
Depreciation  of  softening  plant. 

Waste  in  changing  boiler  water  due  to  increased  foaming  tendency 
of  the  water. 

In  general  it  is  economical  to  treat  waters  containing  250  to  850 
parts  per  million  of  incrustants,  and  those  containing  less  than  the 
lower  amount  if  the  scale  contains  much  sulphates.  As  the  incrusting 
solids  may  commonly  be  reduced  to  80  or  90  parts  per  million  the 
economy  of  treating  boiler  waters  deserves  careful  consideration  in  region 
of  hard  water. 

The  amount  of  mineral  matter  that  makes  a  water  unfit  for  boiler 
use  depends  on  the  combined  effect  in  boilers  of  the  softening  reagent 
used  with  such  waters  and  of  the  constituents  not  removed  by  softening. 
Sodium  salts  added  to  remove  incrustants  or  to  prevent  corrosion 
increase  the  foaming  tendency,  and  this  increase  may  be  great  enough 
to  render  a  water  useless  for  steaming  purposes.  It  is  not  of  much 
benefit  to  soften  a  water  containing  more  than  850  parts  per  million 
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of  non-incrusting  material  and  much  incrusting  sulphates.  Trouble 
from  foaming  in  locomotive  boilers  begins  at  a  concentration  of  about 
1,700  parts  per  million  of  foaming  constituents  and  a  concentration  of 
7,000  parts  is  about  the  limit  of  safety  for  stationary  boilers.  Though 
waters  containing  as  high  as  1,700  parts  per  million  of  foaming  constit- 
uents have  been  used,  it  is  usually  more  economical  to  incur  considerable 
expense  in  replacing  such  supplies  by  better  ones. 

Water  for  Industrial  Use  other  than  Boiler  Purposes.  The  manu- 
facture of  many  articles  is  affected  by  the  ingredients  of  natural  waters?. 
The  quality  of  water  for  boiler  service  has  already  been  discussed;  with 
reference  to  factories  it  need  only  be  added  that  increase  of  boiler 
efficiency  often  justifies  purification  of  poor  water  when  increased  value 
of  the  manufactured  product  alone  may  not  be  considered  to  do  so. 
This  observation  applies  particularly  to  paper,  pulp,  and  strawboard  mills 
laundries,  and  other  establishments  where  large  quantities  of  water  are 
evaporated  to  furnish  steam  for  drying,  and  to  ice  factories  and  similar 
plants  where  distilled  water  is  produced.  But  besides  its  use  for  steam 
making  water  plays  a  specific  part  in  many  manufacturing  processes. 
In  paper  mills,  strawboard  mills,  bleacheries,  dyeworks,  canning  fac- 
tories, pickle  factories,  creameries,  slaughter  houses,  packing  houses, 
nitroglycerin  factories,  distilleries,  breweries,  woolen  mills,  starch  works, 
sugar  works,  tanneries,  glue  factories,  soap  factories,  and  chemical  works 
water  becomes  a  part  of  the  product  or  is  essential  in  its  manufacture. 
As  the  principal  function  of  water  in  most  of  these  establishments  is 
that  of  a  cleansing  agent  or  a  vehicle  for  other  substances,  a  supply 
free  from  color,  odor,  suspended  matter,  microscopic  organisms,  and 
especially  bacteria  of  fecal  origin,  and  fairly  low  in  dissolved  substances, 
especially  iron,  generally  is  satisfactory;  but  there  are  some  exceptions. 
Water  hygienically  acceptable  is  necessary  where  it  comes  into  contact 
with  or  forms  part  of  food  materials,  as  in  the  making  of  beverages  and 
dairy  or  meat  products.  As  all  these  ideal  conditions  are  infrequently 
encountered  in  natural  supplies,  the  manufacturer  is  confronted  with 
the  problems  of  ascertaining  what  degree  of  freedom  from  these  sub- 
.stances  is  necessary  to  prevent  injury  to  his  machinery  or  to  his  output 
and  whether  the  cost  of  obtaining  such  purity  is  counterbalanced  by 
decreased  cost  of  production  and  increased  value  of  product.  Com- 
petitive business  methods  and  increased  facilities  of  transportation 
have  standardized  the  values  of  manufactured  articles  so  thoroughly 
that  makers  are  now  obliged  to  scrutinize  carefully  every  item  of  pro- 
duction costs  in  order  to  obtain  reasonable  profits.  Therefore  any 
appreciable  saving  effected  by  improvement  of  the  water  supply  is  one 
of  the  easiest  sources  of  profit  for  the  manufacturer. 

The  effect  in  some  industries  of  the  substances  most  commonly  found 
in  water  are  here  outlined.  The  treatment  is  not  exhaustive,  the  object 
being  to  offer  approximate  standards  to  aid  in  classification. 
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Effect  of  Free  Acids.  Free  mineral  acids,  such  as  sulphuric  acid  in 
drainage  from  coal  mines  or  hydrochloric  acid  in  the  effluents  of  some 
industrial  establishments,  are  especially  injurious  and  nearly  always 
necessitate  purification.  In  paper  mills,  cotton  mills,  bleacheries,  and 
dyeworks,  acids  decompose  chemicals  and  streak  the  fabrics  besides 
rotting  them.  They  also  corrode  metal  work,  rapidly  destroying  screens, 
strainers,  and  pipes.  Such  effects  are  likely  to  follow  the  use  of  wat^r 
that  contains  a  measurable  amount  of  free  mineral  acid. 

Effect  of  Suspended  Matter.  Suspended  matter  in  surface  waters 
may  be  of  vegetable,  mineral,  or  animal  origin,  consisting  of  particles 
of  sewage,  bits  of  leaves,  sawdust,  and  sticks,  or  sand  and  clay.  The 
silt  so  common  in  rivers  of  the  West  is  largely  derived  from  sand  and 
clay.  Few  well  waters  contain  suspended  animal  or  vegetable  matter, 
but  many  carry  finely  divided  sand  and  clay,  and  they  frequently  become 
turbid  by  precipitation  of  dissolved  ingredients.  Suspended  matter  is 
objectionable  in  all  processes  in  which  water  is  used  for  washing  and 
where  it  comes  into  contact  with  food  materials,  because  it  is  likelv 
to  stain  or  spot  the  product.  On  that  account  suspended  matter 
due  to  precipitated  iron  is  especially  injurious  even  in  small  amount. 
Small  amounts  (10  to  20  parts  per  million)  of  suspended  vegetable  or 
Animal  matter  liable  to  decomposition  or  to  partial  solution  are  much 
more  objectionable  than  equal  quantities  of  mineral  matter.  For  these 
reasons  water  should  be  freed  from  suspended  matter  before  being  used 
for  laundering,  bleaching,  wool  scouring,  paper  making,  dyeing,  starch 
and  sugar  making,  brewing,  distilling,  and  similar  processes.  In  making 
the  coarser  grades  of  paper,  such  as  strawboard,  a  small  amount  of 
suspended  matter  is  not  especially  injurious,  but  for  the  finer  white  or 
colored  varieties  clear  water  is  essential.     . 

Effect  of  Color.  Color  in  water  is  due  principally  to  solution  of 
vegetable  matter,  and  materials  bleached,  washed,  or  dyed  with  light 
shades  in  colored  water  are  likely  to  become  tinged.  Highly  colored 
waters  can  be  used  in  making  wrapping  or  dark-tinted  papers  but  not 
the  white  grades,  and  paper  manufacturer  are  put  to  great  expense 
for  water  purification  on  that  account.  The  lower  waters  are  in  color, 
therefore,  the  more  desirable  they  are  for  use  in  bleacheries,  dyeworks, 
paper  mills,  and  other  factories  where  fabrics  are  likely  to  acquire  unde- 
sirable brown  tints. 

Effect  of  Iron.  Iron  is  the  most  undesirable  dissolved  constituent 
and  comparatively  small  quantites  of  it  necessitate  purification.  Many 
ground  waters  contain  1  to  20  parts  per  million  of  iron,  which  may  be 
precipitated  by  exposure  to  the  air  and  by  release  of  hydrostatic  pressure, 
causing  the  waters  to  become  turbid,  and  such  waters  often  develop  growths 
of  crenothrix  that  interfere  in  many  industrial  operations.  In  all  cleansing 
processes,  especially  if  soap  or  alkali  is  used,  precipitated  iron  is  likely 
to  cause  rusty  or  dull  spots.     In  contact  with  materials  containing  tannin 
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compounds  iron  forms  greenish  or  black  substances  that  discolor  the 
product.  Therefore  waters  containing  amounts  even  as  small  as  1  or  2 
parts  per  million  of  iron  frequently  have  to  be  purified  before  they  can 
be  used  industrially.  In  water  for  dye  works  iron  is  especially  objectionable 
and  it  commonly  prevents  the  use  of  the  water  without  purification.^ 
Iron  in  the  water  supply  of  paper  mills  may  be  precipitated  on  the  pulp, 
giving  it  a  brown  color,  or  during  sizing  or  tinting,  giving  spotty  effects. 
Water  containing  much  iron  cannot  be  used  in  bleaching  fabrics,  because 
salts  that  spot  the  goods  are  formed.  The  dark-colored  compounds 
that  iron  forms  with  tannin  discolor  hides  in  tanning  and  barley  in 
malting,  and  also  give  beer  bad  color,  odor,  and  taste .2 

Effect  of  Calcium  and  liagnesitun.  Calcium  and  magnesium  are 
similar  in  their  industrial  effects  and  the  amounts  of  them  bear  relation 
to  each  other,  most  natural  waters  carrying  10  to  50  per  cent  as  much 
magnesium  as  calcium.  In  boiling  processes  some  calcium  and  mag- 
nesium are  precipitated  on  whatever  is  boiled  in  the  water  and  this 
deposit  may  interfere  with  later  operations.  As  these  two  basic  sub- 
stances decompose  equivalent  amounts  of  many  chemicals  employed 
in  technical  operations  they  are  a  cause  of  waste,  and  the  alkaline-earth 
compounds  thus  formed  on  fabrics  also  interfere  with  later  treatment. 
Some  of  the  chemicals  used  to  disintegrate  the  fibers  in  making  pulp  are 
consumed  by  the  calcium  and  magnesium  in  the  water  supply,  but  the 
loss  from  this  source  is  not  nearly  so  great  as  that  occurring  later  when 
the  resin  soap  used  in  sizing  the  paper  is  decomposed  by  the  calcium 
and  magnesium.  The  insoluble  soaps  thus  created  do  not  fix  them- 
selves on  the  fibers  but  form  clots  and  streaks.  Similar  decomposition 
of  valuable  cleansing  materials  and  subsequent  deposition  of  insoluble 
compounds  take  place  in  laundering,  wool  scouring,  and  like  processes. 
In  the  manufacture  of  soap,  calcium  and  magnesium  form,  with  the  fatty 
acids,  curdy  precipitates  that  are  insoluble  in  water  and  therefore  have 
no  cleansing  value.  Many  dyeing  operations  are  interfered  with  by 
calcium  and  magnesium,  which  neutralize  chemicals  and  change  the 
reaction  of  the  baths  besides  forming  insoluble  compounds  with  many 
dyes.  Highly  calcareous  waters  cannot  be  used  for  boiling  the  grain 
in  distilleries  because  proper  action  is  hindered  by  deposition  of  alkaline- 
earth  salts  on  the  particles  of  grain,  nor  for  diluting  spirits  because  they 
cause  turbidity .3  Very  soft  water,  on  the  other  hand,  is  said  to  be 
undesirable  in  paper  mills  for  loading  papers  with  any  form  of  calcium 
sulphate  because  such  waters  dissolve   part  of  the  loading  materia  s.^ 


'  Sadtler,  S.   P.,  A  Hand-book  of  Industrial  Organic  Chemistry.    Philadelphia, 
1900,  p.  483. 

*  De  la  Coux,  M.  A.,  L'eau  dans  I'industrie.     Paris,  1900,  pp.  187  and  232. 
'  De  la  Coux,  op.  cit.,  p.  251. 

*  Cross,  C.  F.,and  Bevan,  E.  J.,  A  Text-book  on  Paper-making.  Xew  York,  1900, 
p.  294. 
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Probably  waters  high  in  chlorides  would  also  be  bad  for  this  purpose 
as  chlorides  increase  the  solubility  of  calcium  sulphate. 

Effect  of  Carbonates.     The  effects  of  carbonates  and  bicarbonate^ 
on  industrial  waters  are  commonly  not  differentiated.     It  is  not  unusual 
to  estimate  the  combined  carbonic  acid  and  to  state  it  as  the  carbonate 
without    distinguishing    between    carbonates    (CO3)    and    bicarbonates 
(HCO3),  though  in  many  natural  waters  the  carbonate  radicle  is  absent 
and  the  combined  carbonic  acid  is  wholly  in  the  form  of  bicarbonates. 
If  hard  waters  proportionately  high  in  carbonates  and  low  in  sulphates 
are  boiled,  the  bicarbonate  radicle  is  decomposed,    free  carbonic  acid 
is  given  off,  and  the  greater  part  of  the  calcium  and  magnesium  is  pre- 
cipitated..   For  this  reason  waters  of  that  character  are  generally  more 
desirable  for  industrial  operations  than  waters  high  in  sulphates  and 
low  in  carbonates,  as  boiling  does  not  greatly  reduce  the  amount  of  the 
hardening  constituents  under  the  latter  conditions.     In  the  manufacture 
of  beer,  waters  high  in  carbonates  are  said  to  produce  dark-colored  beers 
with  a  pronounced  malt  flavor  because  the  carbonates  increase  the  solu- 
bility of  the  nitrogenous  bodies,  whereas  waters  high  in  sulphates  yield 
pale  beers  with  a  definite  hop  flavor  because  the  sulphates  reduce  the 
solubility  of  the  malt  and  the  coloring  matters.^ 

Effect  of  Sulphates.  The  influence  of  sulphates  in  beer-making  has 
been  noted.  Hard  waters  with  sulphates  predominating  are  desirable 
in  tanning  heavy  hides  because  they  swell  the  skins,  exposing  more 
surface  for  the  action  of  the  tan  liquore.^  Sulphates  interfere  with 
crj'stallization  in  sugar-making  by  increasing  the  amount  of  sugar  retained 
in  the  mother  liquor. 

Effect  of  Chlorides.  High  chlorides  are  ustially  accompanied  by  high 
alkalies.  Appreciable^  amounts  of  chlorides  are  injurious  in  many  indus- 
trial processes,  and  this  is  particularly  unfortunate,  as  no  practicable 
way  of  removing  or  reducing  this  radicle  has  been  discovered  except 
distillation.  Beverages  and  food  products,  of  course,  cannot  be  treated 
with  water  very  high  in  chlorides  without  becoming  salty.  In  tanning 
operations  chlorides  cause  the  hides  to  become  thin  and  flabby .3  Animal 
charcoal  used  in  clarifying  sugar  is  robb(»d  of  its  bleaching  power  by 
absorption  of  salt,  and  chloride-bearing  watei*s  also  affect  the  quality  of 
.sugars  because  saline  salts  are  incorporated  in  the  crj'-stals.*  In  the  pre- 
paration of  alcoholic  beverages  chlorides  in  large  amount  prevent  the 
growth  of  the  yeast  and  interfere  with  the  germination  of  the  grain. 

Effect  of  Organic  Matter.  Organic  matter  of  fecal  origin  is  of  course 
dangerous   in   any   water   supply   that    comes   into   contact   with   food 

*  Brewing  Water,  its  Defects  and  Remedies.  American  Burtonizing  Co.,  New  York, 
lO.m.  p.  19. 

-Parker,  H.  X.,  Stream  Pollution  in  Potomac  River  Basin.    Water-Supply  Paper 
U.  S.  Geol.  Survey,  No.  192,  11K)7,  p.  \\)i. 
^  Parker,  II.  N.,  idem. 

*  De  la  (^oux,  op.  cit.,  p.  IW. 
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products,  and  water  so  polluted  should  be  purified  before  being  used. 
Care  in  this  respect  is  particularly  necessary  in  creameries,  slaughter  houses, 
canneries,  pickle  factories,  distilleries,  breweries,  and  sugar  factories. 
Organic  matter  not  necessarily  capable  of  producing  disease  is  undesirable 
in  other  industrial  supplies  because  it  induces  decomposition  in  organic 
materials  like  cloth,  yam,  starch,  meat,  or  paper,  rotting  and  discoloring 
them,  and  because  it  causes  slime  spots  on  fabrics  by  supporting  algae 
growths. 

Effect  of  Hydrogen  Sulphide.  Hydrogen  sulphide  occurs  in  some 
underground  waters.  It  is  corrosive  even  in  small  quantities,  and  it 
also  injures  materials  by  discoloring  and  rotting  them.  This  substance 
is  associated  with  so  much  dissolved  salts  in  many  waters  that  they 
are  unfitted  for  industrial  use  for  reasons  other  than  their  gaseous  content. 
Effect  of  Other  Substances.  Silica  and  aluminium  are  usually  not 
present  in  sufficient  quantity  to  have  any  appreciable  effect  in  industrial 
processes  except  when  water  is  evaporated.  Large  quantities  of  sodium 
and  potassium,  by  adding  to  the  amount  of  dissolved  matter,  are 
objectionable  in  some  manufacturing  operations.  Phosphates,  nitrates, 
and  some  substances  not  noted  in  this  outline  interfere  with  industrial 
chemical  reactions,  but  they  are  seldom  present  in  natural  waters  in 
sufficient  quantity  to  have  noticeable  effect. 

Potable  Water.  Water  that  is  used  on  food  materials  in  any  industrial 
operation  should  be  potable;  that  is,  should  be  palatable,  esthetically 
unobjectionable,  and  absolutely  free  from  anything  that  might  cause 
disease.  Increased  public  attention  to  the  quality  of  foods  and  beverages 
makes  this  standard  essential  and  it  is  an  extremely  short-sighted  manu- 
facturer that  disregards  it.  Because  of  this  and  because  employees  in 
many  establishments  use  the  mill  supply  for  drinking,  it  is  not  out  of 
place  to  note  the  requisites  of  water  as  a  beverage. 

To  be  entirely  acceptable  in  this  respect  water  should  be  free  from 
suspended  matter,  color,  odor,  and  taste,  and  fairly  cool.  It  should 
be  free  from  disease-bearing  germs  and  poisonous  chemicals;  and  it 
should  be  low  in  dissolved  mineral  ingredients.  The  nearer  a  water 
approaches  these  conditions  the  more  satisfactory  it  is  for  general  use. 

Physical  Qualities.  Suspended  mineral  matter  clogs  pipes,  valves,  and 
faucets,  and  growths  of  microscopic  plants  suspended  in  water  frequently 
cause  bad  odors  and  stains  in  clothes.  Color  is  usually  due  to  dissolved 
vegetable  matter  and  is  a  cause  of  serious  objection  in  a  domestic  supply 
only  when  it  exceeds  20  or  30  parts  per  million.  Some  waters,  especially 
those  containing  iron,  develop  a  turbidity  of  10  to  30  parts  per  million 
on  exposure  to  the  air,  due  to  precipitation  of  dissolved  matter,  and 
such  condition  gives  rise  to  an  apparent  though  not  a  real  color.  Odors 
may  be  caused  by  various  conditions.  One  like  that  of  rotten  eggs  is 
due  to  free  hydrogen  sulphide.  Growths  of  microscopic  organisms  in 
tanks  and  water  mains  often  have  unpleasant  odors  that  make  the  water 
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objectionable.    Perfectly    acceptable    drinking   supplies    are   free   from 
color,  odor,  taste,  and  turbidity. 

Bacteriological  Qualities.  Before  a  water  is  used  for  domestic  pur- 
poses there  should  be  reasonable  certainty  that  it  is  free  from  disease- 
bearing  organisms.  Yet  present  bacteriological  technique  does  not 
permit  positive  statement  regarding  the  presence  or  absence  of  such 
organisms,  and  it  is  advisable,  therefore,  to  guard  supplies  against  all 
chances  of  infection.  The  disease  germs  most  commonly  carried  by  water 
are  those  of  typhoid  fever.  The  bacilli  enter  the  supply  from  some 
spot  infected  by  the  discharges  of  a  person  sick  with  this  disease  and 
though  the  germs  are  comparatively  short-lived  in  water,  they  persist 
in  fecal  deposits  for  remarkable  lengths  of  time  and  retain  their  power 
to  infect  water.  Consequently  wells  should  be  so  located  that  their 
waters  are  guarded  against  the  entrance  of  filth  of  any  kind  either  over 
the  top  or  by  infiltration,  and  pumps  and  piping  in  the  system  should 
also  be  protected.  Water  from  a  carefully  cased  well  over  20  or  30 
feet  deep  is  acceptable  if  the  well  is  located  after  the  exercise  of  reason- 
able judgment  in  regard  to  privies,  cesspools,  and  other  sources  of  pollution. 
Open  dug  wells  and  the  pits  often  constructed  as  reservoirs  around  the 
tops  of  casings  are  frequently  exposed  to  fecal  contamination  from  above 
or  through  cracks  in  poorly-built  sidewalls.  Care  should  be  taken  that 
the  casings  of  deep  wells  do  not  become  leaky  near  the  surface  of  the 
ground  so  as  to  allow  pollution  to  enter.  As  a  matter  of  ordinary  pre- 
caution the  ground  should  be  kept  clean  and  water  should  not  be  allowed 
to  become  foul  or  stagnant  near  any  well,  no  matter  how  deep  it  is.  If 
shallow  dug  wells  are  necessary  they  should  be  constructed  with  water- 
tight casings  extending  down  into  the  well  as  far  as  practicable  and  also 
a  short  distance  above  ground.  The  floor,  or  curbing,  should  be  water- 
tight, and  pumps  should  be  used  in  preference  to  buckets  for  raising 
the  water.  Every  possible  precaution  should  be  taken  to  prevent  feet 
scrapings  and  similar  dirt  from  getting  into  the  water  by  way  of  the 
top  of  the  well.  Underground  water  is  not  only  less  likely  to  become 
contaminated  if  protected  from  surface  washings,  air,  and  light,  but  it 
keeps  better  and  is  less  likely  to  develop  microscopic  plants  that  give 
it  a  bad  taste. 

Chemical  Qualities.  Amounts  of  dissolved  substances  permissible 
in  a  domestic  supply  depend  much  on  their  nature.  No  more  than 
traces  of  barium,  copper,  zinc,  or  lead  should  be  present  because  these 
substances  are  poisonous.  The  occurrence  of  these  elements  in  meas- 
urable amounts  in  ordinary  well  waters  is  so  rare  that  tests  for  them  are 
not  usually  made.  If  any  constituent  is  present  in  sufficient  amount  to 
be  clearly  perceptible  to  the  taste,  it  is  objectionable.  Two  parts  per 
million  of  iron  are  unpalatable  to  many  people,  and  even  this  small  amount 
can  cause  trouble  by  discoloring  washbowls  and  tubs  and  by  producing 
rusty  stains  on  clothes.      Tea  or  coffee  cannot  be  made  satisfactorily  with 
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water  containing  much  iron  because  a  black,  inky  compound  is  formed. 
Four  or  five  parts  of  hydrogen  sulphide  are  unpleasant  to  the  taste,  and 
this  dissolved  gas  is  objectionable  also  because  it  corrodes  well  strainers 
and  other  metal  fittings.  The  amounts  of  silica  and  aluminium  ordinarily 
present  in  well  waters  have  no  special  significance  in  relation  to  domestic 
supply.  Approximately  250  parts  of  chlorides  make  a  water  taste  "  salty/' 
and  less  than  that  amount  causes  corrosion.  Calcium  and  magnesium 
are  chiefly  responsible  for  what  is  known  as  the  hardness  of  water.  This 
undesirable  quality  is  indicated  by  increased  soap  consumption,  as  calcium 
and  magnesium  unite  with  soap,  forming  insoluble  curdy  compounds 
with  no  cleansing  value  and  preventing  the  formation  of  a  lather  until 
all  of  these  two  basic  radicles  has  been  precipitated.  The  use  of  soda  ash 
to  "  break  "  hard  waters,  or  to  precipitate  the  calcium  and  magnesium,  is 
common  and  effects  saving  in  the  cost  of  soap. 

Purification  of  Water.  Purification  of  water  is  the  removal  or  reduction 
in  amount  of  substances  that  render  waters  in  their  raw  state  unsuitable 
for  use.  It  is  practiced  on  a  large  scale  with  one  or  more  of  three  objects  in 
view:  first,  to  render  a  supply  safe  and  unobjectionable  for  drinking 
purposes;  second,  to  reduce  the  amount  of  the  mineral  ingredients  injur- 
ious to  boilers;  third,  to  remove  substances  injurious  to  the  machinery 
or  to  the  manufactured  product  in  industrial  processes.  The  largest 
purification  plants  in  this  country  have  been  constructed  for  the  purpose 
of  producing  potable  waters  without  special  attention  to  other  possible 
uses,  and  some  waters  need  no  further  treatment  before  being  suitable 
for  steaming  and  for  general  industrial  purposes.  But  many  other  waters 
are  hard,  and  increased  appreciation  of  the  value  of  good  water  has  resulted 
in  demand  for  the  removal  of  the  hardening  constituents  also.  An 
excellent  example  of  the  result  of  such  insistence  is  the  recently  installed 
plant  at  New  Orleans,  where  hard,  colored,  turbid,  sewage-polluted 
river  water  is  brought  up  to  practically  all  industrial  and  domestic  stand- 
ards of  purity. 

Removal  of  bacteria,  especially  those  causing  disease,  and  removal 
of  turbidity,  odor,  taste,  and  iron  are  the  principal  requirements  in  puri- 
fication of  a  municipal  supply,  elimination  of  bacteria  and  suspended 
matter  being  the  mpst  important.  The  common  methods  of  effecting 
such  purification  are  slow  filtration  through  sand  and  rapid  filtration  after 
coagulation,  both  methods  usually  being  combined  with  sedimentation. 
The  first  process  is  known  as  slow  sand  filtration  and  the  second  as 
mechanical  filtration.  The  efficiency  of  such  filters  is  measured  primarily 
by  the  ratio  between  the  number  of  bacteria  in  the  applied  water  and  the 
number  in  the  eflluent.  This  figure,  stated  in  percentage  of  removal, 
should  be  as  high  as  98,  and  it  often  reaches  99.8  per  cent  with  a  carefully 
operated  filter  of  either  kind  under  normal  conditions. 

Removal  of  scale-forming  and  neutralization  of  corrosive  constituents 
are  the  chief  aims  in  preparing  water  for  steam  making,  and  two  general 
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methods  are  employed,  namely,  cold  chemical  precipitation  followed 
by  sedimentation,  and  application  of  heat  with  or  without  chemicals 
usually  followed  by  rapid  filtration.  The  first  process  is  carried  on  in 
cold-water  softening  plants  and  the  second  in  feed-water  heaters. 

As  can  be  understood  from  the  remarks  on  pages  53  to  57 the  require- 
ments of  the  water  supplies  for  industries  are  so  varied  that  classification 
of  purification  methods  used  on  them  is  difficult.  Water  properly  prepared 
for  domestic  and  boiler  use  is  suitable  for  most  industrial  establishments, 
and  it  is  more  economical  for  small  manufacturers  in  large  cities  to  buy 
such  water  from  public  water  companies  if  it  can  be  obtained  than  to 
maintain  private  supplies  and  purification  apparatus.  It  is  usually 
cheaper,  however,  for  large  factories  to  be  supplied  from  separate  sources, 
not  only  because  of  saving  in  actual  cost  of  water  but  also  because  of  the 
opportunity  thus  afforded  of  procuring  water  specially  adapted  to  the 
needs  of  the  factory.  The  common  methods  of  industrial  water  purifica- 
tion are  those  already  mentioned  or  combinations  of  them  modified  to 
meet  particular  needs.  Distilled  water  must  be  manufactured  for  use 
in  a  few  industrial  processes,  notably  the  manufacture  of  ice  by  the  can 
system,  for  which  water  practically  free  from  all  dissolved  and  suspended 
substances  is  necessary.  In  regions  where  the  natural  waters  are  of  such 
quality  as  to  be  unfit  for  industrial  use  even  after  treatment  by  ordinary 
methods,  supplies  must  be  distilled.  This  is  often  effected  by  condensing 
steam  from  boilers.  If  large  quantities  are  required  the  use  of  multiple- 
effect  evaporators  is  advisable;  though  the  cost  of  installing  them  is 
greater  than  that  of  boilers,  the  cost  of  operation  is  less  because  of  the 
saving  in  fuel  for  heating. 

Besides  the  four  common  systems  of  purification  that  have  been  cited 
several  minor  processes  are  used,  sometimes  alone  but  more  frequently 
as  adjuncts  to  filters  or  softeners.  Surface  waters  may  be  screened  through 
wooden  or  iron  grids  or  through  revolving  wire  screens  to  remove  sticks 
and  leaves  before  other  treatment.  Coarse  suspended  matter  can  be 
removed  by  rapid  filtration  through  ground  quartz  or  similar  material 
in  units  of  convenient  size  provided  with  arrangements  for  washing  the 
filtering  medium  similar  to  those  used  in  mechanical  filters.  (See  page 
63.)  Very  turbid  river  waters  are  first  allowed  to  stand  in  sedimenta- 
tion basins  in  order  to  reduce  the  cost  of  operating  the  filters  by  prelimi- 
nary removal  of  part  of  the  suspended  solids.  Supplies  undesirable  only 
because  of  their  iron  content  are  aerated  by  being  sprayed  into  the  air 
or  by  being  allowed  to  trickle  over  rocks  or  falls,  thus  causing  evaporation 
of  carbonic  acid  and  absorption  of  oxygen;  this  precipitates  and  oxidizes 
the  iron  in  solution  so  that  it  can  readily  be  removed  by  rapid  filtration. 
Similar  aeration  is  often  employed  for  the  purpose  of  evaporating  and 
oxidizing  dissolved  gases  that  cause  objectionable  tastes  and  odors. 

Disinfection  by  ozone,  copper  sulphate  calcium  hypochlorite,  and 
other  substances  kills  organisms  that  may  cause  disease  or  impart  bad 
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odors  and  tastes.  Purification  of  this  character  must  be  done  with  sub- 
stances that  destroy  the  objectionable  organisms  without  making  the 
water  poisonous  to  animals.  Such  treatment  is  especially  adapted 
for  sewage  ^,  but  it  is  also  employed  in  connection  with  filtration  of 
municipal  supplies.  Natural  purification  of  water  is  accomplished  largely 
through  the  biological  processes  mentioned  by  Hazen,^  in  which  the 
organic  matter  is  oxidized  by  serving  as  food  for  bacteria  and  objection- 
able organisms  are  destroyed  by  the  production  of  conditions  unfavorable 
to  their  existence.  Action  of  this  kind  takes  place  in  reservoirs  and  lakes, 
and  it  is  also  relied  upon  in  many  processes  for  the  artificial  purification 
of  sewage.^ 

Slow  Sand  Filtration.  Slow  sand  filtration  consists  in  causing  the 
water  to  pass  downward  through  a  layer  of  sand  of  such  thickness  and 
fineness  that  the  requisite  removal  of  suspended  substances  is  accomplished. 
This  filter  is  also  called  the  continuous  and  the  English  filter.  On  the 
bottom  of  a  water-tight  basin  commonly  constructed  of  concrete,  per- 
forated tiles  or  pipes  laid  in  the  form  of  a  grid  are  covered  with  a  foot  of 
gravel  graded  in  size  from  25  to  3  millimeters  in  diameter  from  bottom 
to  top,  and  a  layer  of  fine  sand  3  to  4  feet  in  depth  is  put  over  the  gravel, 
which  serves  only  to  support  the  sand.  When  water  is  applied  on  the 
surface  it  passes  through  the  sand  and  the  gravel,  and  flows  away  through 
the  under-drain.  The  suspended  solids,  including  bacteria,  are  removed 
by  the  sand,  the  action  of  which  is  rendered  more  eflBcient  by  the  rapid 
formation  of  a  mat  of  finely  divided  sediment  on  the  surface.  When  this 
film  has  become  so  thick  that  filtration  is  unduly  retarded,  the  water  is 
allowed  to  subside  below  the  surface  and  about  half  an  inch  of  sand  is 
removed,  after  which  filtration  is  resumed.  The  sand  thus  taken  off  is 
washed  to  free  it  from  the  collected  impurities,  and  it  is  replaced  on  the 
beds  after  they  have  been  reduced  by  successive  scrapings  to  a  thickness 
of  about  20  inches.  As  cleaning  necessitates  temporary  withdrawal  of 
filters  from  service  they  are  divided  into  units  of  convenient  size,  usually 
half  an  acre  each,  so  that  the  operation  of  the  system  may  not  be  inter- 
rupted. Filters  may  be  roofed  and  sodded;  this  facilitates  cleaning  by 
preventing  the  formation  of  ice,  permits  work  on  the  filter  beds  in  all 
kinds  of  weather,  and  inhibits  algae  growths. 

The  foregoing  are  the  essential  features  of  a  slow  sand  filter,  but 
several  adjuncts  render  this  system  of  purification  more  efficient.  A 
clear-water  basin  for  the  filtered  supply,  covered  to  prevent  deterioration 
of  the  water,  is  provided  in  order  that  the  varying  rate  of  consumption 
may  not  aflfect  the  rate   of   filtration.     Clarification  of  turbid  water  is 

*  Phelps,  E.  B.,  The  Disinfection  of  Sewage  and  Sewage  Filter  Effluents.  Water- 
Supply  Paper,  U.  S.  Geol.  Survey,  No.  229,  1909. 

»  Hazen,  Allen,  Clean  Water  and  How  to  Get  It.    New  York,  1907,  p.  83. 

•  Winslow,  C.-E.  A.,  and  Phelps,  E.  B.,  Investigations  on  the  Purification  of  Bostcm 
Sewage  with  a  History  of  the  Sewage  Disposal  Problem.  Water-Supply  Paper,  U.  S. 
Geol.  Survey,  No.  185,  1906. 
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rendered  more  economical  by  allowing  sedimentation  for  one  to  three  dajrs, 
during  which  period  a  large  portion  of  the  suspended  matter  is  deposited, 
thus  lengthening  the  time  between  sand  scrapings.  Another  form  of 
pretreatment  is  passage  through  roughing  or  preliminary  filtera  consist- 
ing of  beds  of  slag,  sponge,  or  stone,  through  wdiich  the  water  flows  at 
fifteen  to  twenty  times  the  rate  in  sand  filters,  a  very  large  proportion 
of  the  suspended  matter  being  thus  removed.  Objectionable  odors 
and  tastes  may  be  obviated  by  aeration  before  or  after  filtration.  Killing 
the  bacteria  before  filtration  by  means  of  ozone,  chlorine,  or  other  germi- 
cide is  extensively  practiced. 

Slow  sand  filtration  removes  practically  all  the  suspended  matter  and 
the  bacteria.  Color  is  only  slightly  reduced  and  the  hardness  is  not 
changed.  The  process  is  especially  adapted  to  waters  low  in  color, 
suspended  matter,  and  animal  pollution.  Very  small  particles  of  clay  are 
not  removed  by  these  filters.  It  can  readily  be  seen  that  the  eflSciency 
of  this  kind  of  filter  depends  largely  on  the  character  of  the  sand,  as  the 
ability  to  prevent  the  passage  of  suspended  matter  is  governed  by  the  size 
of  the  spaces  between  the  sand  particles.  As  it  is  obviously  impracticable 
to  procure  sand  with  perfectly  spherical  grains  of  exactly  the  same  diameter, 
the  standards  proposed  by  Hazen  for  comparing  samples  are  generally 
used  in  this  countr>^^  These  refer  to  the  effective  size  and  the  uniformity 
coefficient  of  the  sand  as  determined  by  mechanical  analysis.  The  effective 
size  is  such  that  10  per  cent  of  the  material  is  of  smaller  grains  and  90 
per  cent  is  of  larger  grains  than  the  size  reported  as  the  effective  size. 
The  uniformity  coefficient  is  the  ratio  of  the  size  of  grain  which  has  60 
per  cent  of  the  sample  finer  than  itself  to  the  size  which  has  10  per  cent 
finer  than  itself.  It  is  customary  to  use  sand  having  an  effective  size 
between  0.2  and  0.4  millimeter  averaging  about  0.3  millimeter  and  with  a 
uniformity  coefficient  between  1.7  and  4.  The  rate  of  filtration  depends 
on  the  effective  size,  the  uniformity  coefficient,  the  thickness  of  the  bed, 
the  head  of  water,  and  the  turbidity.  Under  ordinary  conditions  of 
operation  in  the  United  States  the  rate  of  filtration  in  slow  sand  filters 
preceded  by  sedimentation  is  from  2,000,000  to  4,000,000  gallons  per 
acre  per  day. 

Mechanical  Filtration.  The  distinctive  features  of  the  mechanical 
process  are  the  use  of  a  coagulant  and  the  high  rate  of  filtration.  The 
term  *'  mechanical ''  is  applied  because  of  the  contrivances  for  washing 
the  filtering  medium;  the  filter  is  known  also  as  the  American  filter. 
The  raw  water  during  its  entrance  into  the  sedimentation  basin,  which 
is  smaller  than  that  used  with  slow  sand  filters,  is  treated  with  a  definite 
proportion  of  some  coagulant,  which  forms  by  its  decomposition  a  gelat- 
inous precipitate  that  unites  and  incloses  the  suspended  material,  including 
the  bacteria,  and  absorbs  the  organic  coloring  matter.     This  combined 

*  Hazen,  Allen,  Some  Physical  Properties  of  Sands  and  Gravels,  with  Special  Reference 
to  Their  Use  in  Filtration.     Ann.  Rept.  Mass.  State  Board  of  Health,  1892,  p.  541. 
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action  destroys  color  and  makes  suspended  particles  larger  and  therefore 
more  readily  removable.  Aluminium  sulphate,  the  coagulant  most  com- 
monly used,  is  decomposed,  aluminium  hydrate  is  precipitated,  and  the 
sulphate  radicle  remains  in  solution,  replacing  an  equivalent  amount  of 
the  carbonate,  bicarbonate,  or  hydroxyl  radicle.  The  natural  alkalinity 
of  many  waters  is  sufficient  to  efifect  this  reaction.  According  to  Hazen  ^ 
one  part  per  million  of  ordinary  alumiuium  sulphate  should  be  allowed 
about  0.6  part  of  alkalinity  expressed  as  CaCOa  to  insure  complete  decom- 
position. If  the  alkalinity  is  not  sufficient,  part  of  the  aluminium  siilphate 
remains  in  solution  and  good  coagulation  does  not  take  place.  There- 
fore lime  or  soda  ash  is  added  if  the  alkalinity  is  too  low.  The  proper 
amount  of  aluminium  sulphate  to  be  used  is  determined  by  the  amounts 
of  color,  organic  matter,  and  suspended  matter  and  by  the  fineness  of 
the  suspended  matter,  and  is  best  ascertained  by  direct  experimentation 
with  the  w^ater  to  be  purified.  It  may  vary  from  12  or  15  parts  per  million 
for  water  with  10  parts  of  suspended  matter  and  a  color  of  30  to  25  or 
30  parts  for  a  water  with  a  turbidity  of  400  and  a  color  of  80.  Ferrous 
sulphate  is  sometimes  used  instead  of  aluminium  sulphate  as  a  coagulant; 
lime  must  always  be  added  with  it  in  order  to  bring  about  proper  coagu- 
lation. 

The  water,  after  having  been  mixed  with  the  coagulant,  is  allowed 
to  stand  three  or  four  hours  in  the  sedimentation  basin,  where  a  large 
proportion  of  the  suspended  particles  is  deposited.  It  is  then  passed 
rapidly  through  beds  of  sand  or  ground  stone  to  remove  the  rest  of  the 
suspended  matter.  Sand  with  an  effective  size  somewhat  greater  than 
that  customary  for  continuous  filters  is  used.  Many  filters  now  in  use 
are  built  of  wood  or  iron  in  cylindrical  form  10  to  20  feet  in  diameter, 
and  some  are  designed  so  that  filtration  can  be  hastened  by  pressure. 
The  sand,  30  to  50  inches  deep,  rests  on  a  metallic  floor  containing  per- 
forations large  enough  to  allow  ready  issue  of  the  water  but  small  enough 
to  prevent  passage  of  sand  grains.  When  the  filter  has  become  clogged 
the  flow  of  water  is  reversed,  filtered  water  being  forced  upward  through 
the  sand  to  wash  it  and  to  remove  the  impurities,  which  pass  over  the 
top  of  the  filter  with  the  wasted  water.  A  revolving  rake  with  long  prongs 
projecting  downward  into  the  sand  mixes  it  during  washing  and  prevents 
it  from  becoming  graded  into  spots  of  coarse  or  fine  particles.  In  recently 
constructed  works  rectangular  filters  300  to  1,300  sq.ft.  in  area  have  been 
built,  and  compressed  air  forced  through  the  sand  at  intervals  is  used 
instead  of  a  revolving  rake  for  agitating  the  sand  during  washing.  In 
conjunction  with  air  agitation  larger  orifices  in  the  strainers  are  being  used 
and  a  layer  of  gravel  is  placed  over  the  strainer  pipes.  The  gravel  is  of 
such  size  that  it  prevents  the  entrance  of  sand  and  yet  will  not  be  dis- 
placed by  the  air  and  water  passing  through  it  during  washing.     The  rate 

*  Hazen,  Allen,    Report  of  the  Filtration  Commission  of  the  City  of  Pittsburg 
1899,  p.  57. 
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of  filtration  is  from  80,000,000  to  180,000,000  gallons  per  acre  per  day. 
The  time  between  washings  is  six  to  twelve  hours,  depending  principally 
on  the  turbidity  of  the  water  applied  to  the  filter,  and  4  to  8  per  cent  of  the 
filtered  water  is  consumed  in  washing. 

Mechanical  filtration  removes  practically  all  suspended  matter, 
reduces  the  color  to  an  amount  that  is  unobjectionable,  and  removes  part 
of  the  dissolved  iron  under  some  conditions.  The  permanent  hardness? 
of  the  water  is  increased  in  proportion  to  the  amount  of  sulphate  added  a.s 
aluminium  sulphate,  and  if  only  enough  lime  to  decompose  the  coagulant 
is  added  the  total  hardness  is  increased.  If  larger  amounts  of  lime  are 
added,  however,  the  total  hardness  is  reduced.  If  soda  ash  is  used  in 
place  of  lime  the  foaming  constituents  of  the  water  are  slightly  increase<l. 
As  this  method  of  filtration  is  used  almost  entirely  for  river  waters  with 
fluctuating  contents  of  suspended  and  dissolved  matter,  proper  operation 
requires  constant  and  intelligent  attention.  The  chemicals  in  solutions 
of  carefully  determined  strength  should  always  be  adjusted  to  the  chang- 
ing conditions  of  the  water  both  in  order  to  produce  a  properly  purified 
eflBuent  and  in  order  to  prevent  waste  of  expensive  materials. 

Cold  Water  Softening.  The  principal  objects  of  water  softening 
are  to  remove  the  substances  that  cause  incrustations  in  boilers,  particu- 
larly calcium  and  magnesium,  and  to  neutralize  those  that  cause  corrosion. 
Chemicals  of  known  strength  properly  dissolved  in  water  are  added  to  the 
raw  supply  in  such  proportion  as  to  precipitate  all  the  dissolved  constit- 
uents that  can  be  economically  removed  by  such  treatment.  The  water 
is  then  allowed  to  stand  long  enough  to  permit  the  precipitate  to  settle, 
after  which  the  clear  effluent  is  drawn  off,  or  filters  of  the  rapid  type  may 
be  used  after  partial  sedimentation.  The  filters  are  thin  beds  of  coke, 
sponge,  excelsior,  wool,  or  similar  material,  through  which  the  water 
is  passed  at  a  very  rapid  rate  to  remove  particles  that  have  not  subsided 
in  the  tanks.  The  water  softeners  on  the  market  differ  from  each  other 
only  in  the  precipitant,  in  the  filtering  medium  if  one  is  used,  and  in  the 
mechanism  regulating  the  incorporation  of  the  chemicals  with  the  water. 
Installations  may  be  of  any  size  to  suit  consumption,  and  the  process  is 
frequently  combined  with  mechanical  filtration  for  purifying  municipal 
water  supplies,  as  in  the  recently  erected  plant  at  New  Orleans. 

Among  the  substances  that  have  been  proposed  as  precipitants  are 
sodium  carbonate,  silicate,  hydrate,  fluoride,  and  phosphate,  barium 
carbonate,  oxide,  and  hydrate,  and  calcium  oxide,  but  of  these  substances 
lime  and  soda  ash  are  almost  exclusivelv  used  on  account  of  their  excel- 
lent  action  and  comparative  cheapness.  When  soda  ash  and  lime  dis- 
solved in  water  to  form  solutions  of  known  strength  are  added  to  a  water 
in  proper  proportion,  free  acids  are  neutralized,  free  carbon  dioxide  is 
removed,  the  bicarbonate  radicle  is  decomposed,  and  iron,  aluminium,  and 
magnesium  hydrates  and  calcium  carbonate  are  precipitated.  The  four 
basic  substances  are  removed  to  the  extent  of  the  solubility  of  these  com- 
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pounds  in  water,  and  the  calcium  added  as  linie  is  also  precipitated;  in 
other  words  the  scale-forming  ingredients  are  removed. 

According  to  Stabler/  therefore,  lime  should  be  added  in  quantity 
sufficient  to  provide  hydroxide  radicle  (OH)  to  combine  with  the  alumin- 
ium, magnesium,  bicarbonate,  and  hydrogen  radicles  and  with  free 
carbon  dioxide.  If  the  amount  of  the  carbonate  radicle  in  the  water  with 
that  formed  by  decomposition  of  the  bicarbonate  radicle  and  carbon 
dioxide  is  not  sufficient  to  precipitate  the  calcium  in  the  water  and  that 
added  as  lime,  an  additional  quantity  of  carbonates  must  be  provided 
by  addition  of  soda  ash.  Expressed  in  formulas  the  required  amounts 
of  lime  and  soda  ash  are  given  by  Stabler  as: 

C=  1.12  Fe-f  3.46  A14-2.56  Mg+30.96  H  +  .51  HC08+ 1.42  CO2, 

Z>  =  2.00  Fe  + 6. 18  AH 2.78  Ca+ 4.58  Mg+ 55.44  H -1.86  CO3 -.92  HCOs. 

The  symbols  represent  the  amounts  of  the  different  radicles  in  the  water 
in  parts  per  million,  CO2  being  the  free  carbon  dioxide  and  H  the  free 
acid  expressed  as  hydrogen.  C  represents  the  required  amount  of  90 
per  cent  lime  and  D  the  required  amount  of  95  per  cent  soda  ash  in  parts 
per  million. 

The  precipitate  in  settling  takes  with  it  the  suspended  matter  and 
part  of  the  silica  and  the  organic  matter;  sodium,  potassium,  sulphates, 
and  chlorides  are  left  in  solution,  and  the  alkalies  are  increased  in  propor- 
tion to  the  quantity  of  soda  ash  that  is  added,  that  is,  the  foaming  con- 
stituents are  increased,  and  this  is  what  fixes  the  maximum  amount  of 
incrustants  that  can  be  treated.  (See  page  53.)  The  minimum  amount 
of  incrustants  in  a  treated  water  is  determined  by  the  solubility  of  the 
precipitated  substances  and  by  the  completeness  of  the  reaction  between 
the  added  chemicals  and  the  dissolved  matter;  it  is  about  90  parts  per 
million.  The  sulphate  radicle  can  be  removed  by  using  barium  com- 
pounds, which  precipitate  barium  sulphate,  but  the  poisonous  effect  of 
even  small  amounts  of  barium  is  a  great  objection  to  its  use.  The  chem- 
icals should  be  very  thoroughly  mixed  with  the  raw  water  and  sufficient 
time  should  be  allowed  for  complete  reaction,  which  proceeds  rather 
slowly,  for  otherwise  precipitation  will  occur  later  in  pipe  lines  or  in  boilers. 

Feed-water  Heating.  Water  heaters  are  designed  primarily  for  the 
purpose  of  utilizing  waste  heat  in  stationary  boiler  plants  by  raising  the 
temperature  of  the  feed-water  and  thereby  lessening  the  work  of  the  boilers 
themselves,  but  some  purification  of  water  occurs  in  them  and  many 
heaters  have  been  specially  constructed  to  take  advantage  of  that  effect. 
The  heat  is  derived  from  exhaust  steam  or  from  flue  gases,  and  the  heaters 
utilizing  steam  are  either  open,  that  is,  operated  at  atmospheric  pressure, 
or  closed  and  operated  at  or  near  boiler  pressure.     In  accordance  with 

» Stabler,  Herman,  Eng.  News,  Vol.  LX,  11)0S,  p.  355. 
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these  three  conditions,  which  result  in  distinct  purifying  effects,  feed-water 
heaters  are  classified  as  open  or  closed  or  economizers,  the  last  being 
those  using  flue  gases.  Open  heaters  are  best  adapted  for  removing  large 
quantities  of  scale-forming  material.  The  steam  usually  enters  at  the 
bottom  of  them  and  the  water  at  the  top,  and  intimate  contact  between 
the  two  is  obtained  by  spraying  the  water  or  by  allowing  it  to  trickle  over 
or  to  splash  against  plates.  In  this  manner  the  water  is  quickly  heated 
nearly  to  boiling  temperature.  Dissolved  gases  are  expelled,  the  bicar- 
bonate radicle  is  decomposed,  and  the  iron,  aluminium,  part  of  the  mag- 
nesium, and  calcium  equivalent  to  the  carbonates  after  decomposition 
of  the  bicarbonates  are  precipitated  as  hydrates,  oxides,  or  carbonates 
under  varying  conditions  of  temperature,  pressure,  and  time.  The 
precipitate  agglomerates  the  particles  of  suspended  matter  and  makes 
them  more  readily  removable  by  sedimentation  and  filtration.  The 
slowness  with  which  the  reactions  take  place  and  the  presence  of  acid 
radicles  other  than  carbonates  to  hold  the  bases  in  solution  prevent 
complete  removal  of  calcium  and  magnesium.  The  addition  of  soda  ash 
in  proper  proportion,  however,  effects  fairly  complete  precipitation  of  the 
alkaline  earths  and  apparatus  for  constant  introduction  of  this  chemical 
in  solution  may  be  provided.  After  the  precipitate  has  been  formed  the 
water  passes  through  filters  of  burlap,  excelsior,  straw,  hay,  wool,  coke, 
or  similar  material  arranged  in  units  that  can  readily  be  cleaned.  Open 
heaters  operated  without  a  chemical  precipitant  remove  substances  that 
are  soft  and  bulky  and  leave  in  the  water  the  constituents  that  form 
hard  scale;  scale  from  water  treated  in  such  heaters  is  therefore  not  so 
great  in  amount,  but  is  harder  than  that  formed  by  the  raw  water. 

In  closed  heaters  the  water  is  passed  through  metal  tubes  surrounded 
by  steam  at  high  pressure  or  around  pipes  in  which  steam  circulates,  and 
manholes  or  other  openings  are  provided  for  cleaning  the  scale  from  the 
tubes.  As  the  water  is  heated  under  pressure  some  precipitation  takes 
place,  but  closed  heaters  are  not  so  eflicient  in  this  respect  as  open  heaters 
because  there  is  no  provision  for  the  escape  of  the  gases  liberated  from 
the  water. 

Economizers  consist  essentially  of  water  tubes  set  in  the  flues  leading 
from  the  furnaces.  Facilities  are  provided  for  cleaning  scale  from  the 
inside  and  soot  from  the  outside  of  the  tubes.  As  economizers  are  heated 
by  flue  gases,  the  water  in  the  tubes  can  be  heated  under  pressure  to  a 
much  higher  temperature  than  in  open  or  closed  heaters,  and  the  boiler 
conditions  described  in  the  section  on  water  for  steam  making  are  approx- 
imated. The  precipitation  of  incrustants  varies  greatly  with  the  normally 
fluctuating  temperature  of  the  flue  gases. 


IV 
FUELS 

J.  C.  W.  FRAZER 

Chemist,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 

Definition.  A  fuel  is  a  substance  whose  combustion  in  atmospheric 
oxygen  can  be  utilized  as  a  source  of  heat  energy  for  commercial  or  domes- 
tic purposes. 

Classification.  Fuels  are  most  conveniently  considered  as  divided 
into  three  natural  divisions,  solid,  liquid,  and  gaseous  fuels. 

Elementary  Constituents.  The  two  elements  which  contribute  most 
to  the  heating  power  of  fuel  are  carbon  and  hydrogen.  Though  other 
elements,  such  as  sulphur,  contribute  somewhat  to  the  formation  of  heat, 
the  two  mentioned  above  are  by  far  the  most  important.  That  portion 
of  the  oxygen  which  occurs  in  the  fuel  as  a  partial  oxidation  product  of 
some  compound  constituent  thereof  causes  a  loss  in  the  heating  value, 
as  its  presence  means  that  a  certain  amount  of  the  oxidation  and  heat 
development  have  been  accomplished  outside  the  furnace.  Sulphur  in 
small  amounts  is  usually  found  in  fuels.  In  large  amounts  it  is  undesirable, 
as  it  has  a  corrosive  action  and  renders  the  fuel  unfit  for  metallurgical 
uses.  Nitrogen  is  usually  an  inert  constituent,  escaping  uncombined 
during  combustion.  Silicon  and  phosphorus  are  also  found  in  fuels, 
the  latter  being  undesirable  in  metallurgical  work.  Together  with  the 
last  two  there  is  usually  a  considerable  amount  of  mineral  matter  which 
is  left  after  combustion  as  ash,  and  usually  a  certain  amount  of  water 
which  occurs  free  in  the  fuel.  Ash  is  undesirable,  as  it  dilutes  the  com- 
bustible matter  of  the  fuel,  causes  an  additional  expense  for  its  removal, 
and  may  interfere  seriously  with  the  use  of  the  fuel  because  of  its  low 
fusion  point  and  the  consequent  tendency  to  form  clinker.  Water  is  a 
direct  loss  of  heat,  as  it  dilutes  the  fuel,  requires  a  large  amount  of  heat 
for  its  evaporation,  and  by  escaping  up  the  flue  at  the  temperature  of  the 
escaping  gases,  carries  away  a  certain  amount  of  heat. 

Measurement  of  Temperature.  In  certain  commercial  operations  it 
is  necessary,  in  order  to  secure  the  best  results,  that  the  temperature  be 
regulated  between  certain  limits,  and  a  knowledge  of  the  temperature 
conditions  becomes  indispensable.  The  necessity  of  careful  measurement 
and  systematic  regulation  of  the  high  temperatures  obtained  in  many 
commercial  operations  has  been  recognized  comparatively  recently,  and 
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it  is  well  for  the  student  to  famili&rize  himself  with  methmls  for  measuring 

high    temperatures.     The   instruments  used  for  this  purpose  are  known 
as  pyrometers. 

Fig.  33  illustrates  an  instrument 
known  as  the  Le  Chatelicr  pyromet«?r. 
It  consists  of  two  wires  of  dissimilar 
metals  melted  together  at  one  end, 
the  other  ends  being  connect<^d  with 
a  needle  galvanometer  of  comparii- 
tively  high  resistance.  The  deflec- 
tion of  the  galvanometer  needle  is 
dependent  on  the  temperature  of 
the  junction,  and  by  providing  the 
galvanometer  "with  a  suitable  scale. 
the  temperature  can  be  read  off 
directly  from  the  instrument.  The 
Pjq  33  wires  are    generally    made,  one    of 

platinum,  the  other  of  a  10  per  cent 

alloy  of  plaliniini  and  rhodium,  though  coui)les  of  other  metals  are  also 

use<l. 


Fig.  34  illustrates  a  form  of  instrument  known  as  the  Wanner  pyrom- 
eter.    It  is  one  of  a  class  known  as  optical  pyrometers,  .several  of  which 
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are  on  the  market.  Fig.  35  illustrates  the  construction  of  the  instrument. 
Light  from  a  6-volt  incandescent  lamp  used  as  a  comparison,  and  from  the 
object  whose  temperature  is  sought  enters  the  slits  Ui  and  t/g,  the  two 
beams  being  rendered  parallel  by  -/  and  each  dispersed  into  a  continuous 
spectrum  by  R.  C  separates  the  dispersed  light  from  both  Ui  and  t/j. 
into  two  beams  polarized  at  right  angles.     The  arrangement  of  the  remain- 
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ing  parts  is  such  as  to  bring  before  the  analyzer  B  an  illuminated  field, 
half  of  which  is  illuminated  by  red  light  from  the  spectrum  of  E/|,  the 
other  half  by  red  light  from  the  spectrum  of  t/j,  the  two  halves  being 
polarized  at  right  angles  to  each  other.  If  the  analyzer  is  at  an  angle  of 
45°  to  the  plane  of  polarization  of  each  beam, and  Ui  and  t/j  are 
equally  illuminated,  the  field  is  uniformly  bright,  If  they  are  unequally 
illuminated  one-half  of  the  field  will  appear  brightci',  and  they  are  equalized 
by  turning  B,  which  carries  a  scale  that  can  be  interpreted  in  terms  of 
degrees  of  temperature. 

Another  form  of  pyrometer,  known  as  the  F6rj% 
is  also  direct  reading,  and  is  constructed  by  focusing 
the  radiations  from  the  object  by  either  a  lens  or  a 
concave  mirror  on  a  delicate  thermo-couple. 

Such  instruments  as  the  optical  pyrometers  are 
the  only  ones  which  fulfill  all  requirements  for 
much  of  the  high-femperature  measurements  to  be 
made  in  commercial  work. 

Heat  of  Combustion.  The  heat  of  combustion 
of  a  substance  is  the  numlier  of  calories  produced 
hy  the  complete  oxidation  of  one  gram  of  it.  .\s 
applied  to  fuels,  it  is  called  the  calorific  value  or 
heating  powerof  the  fuel.  The  calorific  value  is  one 
of  the  most  important  points  to  be  decided  in  the 
purchase  of  a  fuel.  Having  decided  the  character  of 
fuel  best  adapted  to  the  purpose  for  which  the  pur- 
chase is  to  be  made,  the  remaining  point  of  chief  con- 
sideration is  the  calorific  value,  which  is  determined 
by  means  of  a  calorimeter.  Solids  and  non-volatile 
liquids  are  usually  burned  in  a  heavy  steel  bomb  in 
an  atmosphere  of  oxj'gen  under  a  pressure  of  about  25  atmospheres. 
'  Bulletin  No.  3.  Bureau  of  Staniiards,  WiishiiiKton,  D,  C. 
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Fig.  35  illustrates  one  of  the  standard  forms  of  this  kind  of  instrument, 
known  as  the  Mahier  calorimeter.  It  consists  of  the  porcelain  or  platinum- 
lined  steel  bomb  A,  with  a  tightly  fitting  top  Ji,  which  carries  the  con- 
nection R  for  admitting  oxygen  under  pressure,  the  platinum  vessel  C, 
into  which  the  substance  is  weighed,  and  the  terminals  for  igniting  the 
charge,  one  of  which,  E,  is  insu- 
lated from  the  top  B.  The  sub- 
stance is  ignited  by  connecting  a 
piece  of  fine  iron  wire  beween  the 
terminals,  having  the  wire  in  con- 
tact with  the  charge.  When  a 
current  is  passed  through  the  wire 
it  is  heated  to  incandescence,  and 
i>oth  it  and  the  charge  are  com- 
pletely oxidized.  The  caloriniet-er 
is  immersed  in  water  contained  in 
a  vessel  protected  by  non-eonduct- 
iiig  material  from  temperature 
changes.  The  temperature  of  the 
water  before  and  after  the  ex- 
periment, the  amount  of  water 
and  the  water  equivalent  of  the 
calorimeter  being  knou-n,  the  total 
amount  of  heat  liberated  by  the 
action  is  obtained. 

The  calorific  value  of  gaseous 
fuels  is  determined  by  burning  a 
measured  volume  of  the  gas  in  the 
atmosphere  and  determining  the 
amount  of  heat  liberated.  Fig.  36 
shows  a  longitudinal  and  trans- 
verse section  of  a  reliable  form  of 
gas  calorimeter,  known  as  the 
Junker  calorimeter.  It  is  a  double- 
wall  copper  vessel,  so  arranged 
that  a  steady  stream  of  cold  water 
circulates  between  the  two  walls. 
Fig.  36.  This    stream    of    water    is    kept 

constant  by  the  constant-level 
devices  placed  at  the  entrance  to,  and  the  exit  from  the  instrument. 
The  gas,  previously  measured  in  tin  accurate  gas  meter,  is  burned  in 
the  special  burner  placed  in  the  combiistion  chamber  of  the 
calorimeter.  The  heated  air  and  products  of  combustion  ascend  to 
the  top  of  the  combustion  chamber,  and  from  there  descend  through  two 
Hets  of  vertical  copper  tulK-s  wliich  arc  surrounded  by  the  water  that 
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circulates  between  the  two  walls  of  the  instrument.  The  arrangement 
of  this  water  jacket  and  the  copper  tubes  through  which  the  heated  gabcs 
pass  is  best  seen  from  the  horizontal  cross-section  of  the  calorimeter  shown 
below  in  Fig.  36.  During  the  passage  of  the  heated  gases  through  the 
water-cooled  tubes  the  heat  is  taken  up  by  the  water  and  the  temperature 
of  the  water  in  its  passage  through  the  instrument  is  somew^hat  increased. 
Before  beginning  a  determination  the  flow  of  water  is  started  through 
the  instrument,  the  burner  lighted  and  the  thermometer  readings  allowed 
to  become  steady.  In  this  way  the  water  passing  through  the  calorimeter 
during  the  burning  of  a  known  volume  of  gas  contains  all  the  heat  result- 
ing from  the  combustion  of  this  gas.  This  water  is  collected  and  weighed, 
the  increase  in  temperature  of  the  water  is  obtained  by  the  difference  in 
the  readings  of  the  two  thermometers,  and  knowing  the  volume  of  gas 
burned  from  the  readings  of  the  meter,  all  the  data  have  been  obtained 
for  calculating  the  heating  power  of  the  gas  per  unit  volume. 

The  heating  power  of  the  gas  can  be  calculated  from  the  chemical 
composition  and  heats  of  combustion  of  its  constituents.  But  the  time 
required  to  obtain  an  accurate  analysis  is  greater  than  that  required  by  the 
above  determination,  and  it  offers  no  advantages  over  the  direct  deter- 
mination. 

Solid  Fuels 

Wood.  Wood  is  composed  principally  of  cellulose  and  ligno-cellulose 
in  about  equal  quantities,  together  with  gums,  resins,  a  variable  amount 
of  water,  and  inorganic  matter  left  as  ash  when  the  wood  burns.  Cellu- 
lose has  the  composition  (CgHjoOg)  and  is  the  principal  constituent  of 
the  cell  membranes  of  young  plants.  The  formula  above  serves  only  to 
give  the  percentage  of  the  constituents,  the  molecule  being  very  complex. 

Ligno-cellulose  is  the  substance  with  which  the  cellulose  of  young 
plants  becomes  incrusted  as  it  grows  old,  and  becomes  woody  fiber.  It 
is  not  a  carbohvdrate,  and  little  is  known  of  its  chemical  nature. 

Wood  has  a  low  calorific  value,  vaiying  from  3000  to  3500  calories, 
and  contains  a  considerable  amount  of  moisture,  the  amount  depending 
on  the  kind  of  wood,  the  season  in  which  it  is  cut,  and  the  extent  it  has 
been  allowed  to  dry,  being  rarely  less  than  18  per  cent. 

Wood  is  of  little  value  as  a  fuel,  as  it  has  a  low  calorific  value,  and  is 
too  expensive.  But  it  is  sometimes  used  on  account  of  its  cleanliness  and 
small  amount  of  ash  formed. 

Below  is  given  a  table  ^  containing  the  results  of  the  analysis  of  seven 
diflferent  kinds  of  wood  together  with  their  calorific  values : 

>  Jour.  Chem.  Soc.,  Vol.  XL VI,  p.  477  (1884). 
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Oak.. 
Ash.. 
Elm. 
Beech 
Birch 
Fir.. 
Pine  . 


1 

c 

Hi 

N5 

0.09 

Os 
43 .  36 

Ash 

50.16 

6.02 

0.37 

49.18 

6.27 

0.07 

43.91 

0.57 

48 .  99 

6.20 

0.06 

44.25 

0.50 

49.06 

6.11 

0.09 

44.17 

0.57 

48.88 

6.06 

0.10 

44.67 

0.29 

60.36 

5.92 

0.05 

43 .  39 

0.28 

50.31 

6.20 

6.04 

43.08 

0.37 

Caloric 


4620 
4711 
4728 
4774 
4771 
5035 
5085 


Peat.  There  is  no  doubt  that  peat  represents  a  comparatively  early 
stage  in  the  transformation  which  vegetable  matter  undergoes  when  suf- 
ficiently protected  to  prevent  its  complete  oxidation,  as  in  many  localities 
it  is  possible  to  observe  the  transition  from  the  vegetable  matter  covering 
the  ground  to  the  underlying  peat  in  various  stages  of  formation.  In  the 
upper  portions  the  vegetable  matter  is  easily  discernible,  while  at  the 
bottom,  most,  if  not  all,  visible  signs  of  plant  remains  disappear.  The 
formation  of  peat  occurs  in  bogs  or  swamps  where  sufficient  vegetable 
matter  accumulates  to  give  rise  to  the  formation.  The  deposit  from  each 
year's  growth,  such  as  mosses,  grasses,  leaves,  branches  and  trunks  of 
trees  fall  and  are  partially  protected  by  the  water  from  complete  decom- 
position. The  action  of  organisms  and  atmospheric  oxygen  transforms 
this  material  first  into  a  loose  brown  substance,  finallv,  with  the  aid  of 
pressure  from  above,  into  a  brown  or  black  peat. 

Little  is  known  of  the  chemical  compounds  composing  peat.  Some 
solvents  and  solutions  of  alkalies  dissolve  considerable  amounts  of  organic 
matter  of  a  complex  character  from  peat,  but  the  substances  obtained 
from  these  solutions  are  probably  impure. 

Peat  has  long  been  used  as  a  fuel,  and  in  northern  and  western  Europe, 
and  in  Ireland  (where  peat  bogs  are  said  to  cover  one-tenth  of  the  total 
area)  it  has  been  extensively  used.  Peat  bogs  arc  also  widely  distributed 
in  this  country  and  Canada. 

The  recent  peats  are  usually  brown  in  color  and  approach  wood  in 
chemical  composition,  containing  less  oxygen  and  hydrogen  and  more 
carbon.  The  oldest  peats  are  usually  dark  in  color,  and  the  percentage 
of  carbon  is  greater  than  in  recently  formed  peats. 

Peat  has  a  higher  calorific  value  than  wood,  varying  from  3500  to  5000 
calories.  As  it  is  cut  from  the  ground  it  contains  a  large  amount  of  water, 
often  as  much  as  90  per  cent  of  its  weight.  If  the  blocks  are  left  to  dry 
under  cover  in  the  air  this  is  greatly  reduced.  The  difficulty  of  freeing 
it  from  this  water  is  one  of  the  drawbacks  to  its  use.  By  application 
of  pressure  much  of  it  can  be  expelled,  but  it  still  contains  a  considerable 
amount  on  account  of  its  jelly-like  character.  A  recent  observation  ^  that 
this  jelly-like  character  is  destroyed  by  heating  it  to  150°  after  which 


^  Engineering,  87,  p.  737. 
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the  water  can  be  expelled  by  pressure,  may  assist  in  the  solution  of  this 
difficulty. 

The  following  analyses  ^  give  an  idea  of  its  composition  and  the  pro- 
gressive increase  in  carbon  and  loss  of  oxygen  taking  place  during  the 
peat  formation: 
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42.42 
1.16 

50.33 
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42.63 
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42.57 
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59.71 
5.27 

32.07 
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5.70 

33.04 
1.56 

59.71 
5.27 

32.07 
2.95 

62.54 
6.81 

29.24 
1.41 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

1.  Sphagnum,  the  chief  peat-forming  plant. 

2.  Light  peat  near  surface. 

3.  Light  peat. 

4.  Moderately  light  peat. 


5.  Black  peat. 

6.  Black  peat. 

7.  Heavy  brown  peat. 


Peat  is  frequently  formed  into  briquettes,  when  it  makes  an  excellent 
fuel  for  domestic  uses,  as  it  bums  with  a  bright  cheerful  flame  and  without 
much  smoke.  The  following  table  gives  the  analyses  of  samples  of  peat 
from  this  country. 


ANALYSES  OF  PEAT  (AIR  DRIED) 

Locality 

Florida 

Michigan 

New  York 

Moisture 

Volatile  Matter 

10.17 

54.93 

28.98 

5.92 

5249 

14.22 
49.11 
24.83 
11.84 
3979 

7.09 
56.09 
24.83 
12.85 

4275 

Fixed  Carbon 

23.97 

As^ 

Calories 

Lignite.  Lignite  or  brown  coal  are  names  applied  to  the  substances 
which  represent  the  next  stage  to  peat  in  the  transformation  of  vegetable 
matter  into  coal.  The  distinction  of  lignite  from  peat  on  the  one  side 
and  bituminous  coal  on  the  other  is  not  sharp,  as  the  transition  from 
one  to  the  other  is  gradual.  Chemically,  lignite  seems  to  be  more  closely 
related  to  peat  than  to  bituminous  coal  and,  as  with  peat,  it  is  found 
that  certain  solvents  and  solutions  of  alkalies  dissolve  considerable  organic 
matter  of  a  complex  character  from  lignites.  The  evidences  of  vegetable 
origin  are  not  usually  distinct  in  lignites,  though  when  properly  treated, 
microscopic  examination  is  usually  able  to  show  the  remains  of  plant 
structure.  In  general,  lignite  is  denser,  darker  in  color,  and  contains 
more  carbon  than  peat.  It  contains  about  35  per  cent  of  wat^r,  and 
on  air-drying  this  falls  to  about  15  per  cent.     Its  calorific  value  varies 


*  Jour.  Prakt.  Chem.,  vol.  92,  p.  65. 
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from  4000  to  6500  calories.  The  amount  of  ash  varies  greatly,  but  should 
not  exceed  10  to  15  per  cent. 

On  account  of  the  difficulties  encountered  in  shipping  and  storing 
lignite,  its  formation  into  briquettes  has  been  practiced  to  a  considerable 
extent,  especially  in  Germany.  In  this  country  the  necessity  for  using 
such  fuels  has  not  been  greatly  felt,  and  the  operation  of  briquetting  such 
fuel  is  here  in  its  beginning.  This  question  will  be  mentioned  later  in 
connection  with  bituminous  coal. 

The  following  table  gives  the  analysis  of  some  samples  of  lignite  from 
this  country: 


Locality 

N.  Dakoto 

Texas 

California 

Wyoming 

Montana 

Moisture 

16.70 

37.10 

39.49 

6.71 

22.48 
31.36 
26.73 
19.43 

18.61 
35.33 
30.67 
15.49 

17.69 

37.96 

39.56 

4.79 

9.05 

Volatile  Matter. . . 

Fixed  Carbon 

Ash 

36.70 
43.03 
11.22 

Bituminous  Coal.  The  next  stage  in  the  formation  of  coal  is  repre- 
sented by  bituminous  coal,  by  far  the  most  important  of  all  the  classes 
of  fuels.  The  division  of  bituminous  coals  from  lignites  is  more  sharply 
defined  than  that  of  lignites  from  peats,  but  still  the  transition  is  gradual. 

The  origin  of  coal  is  swamp  flora  laid  down  when  the  growth  of  vege- 
table matter  was  far  more  luxuriant  than  now,  and  which  in  earlier  geo- 
logic ages  has  passed  through  successive  stages  which  are  represented  now 
by  peat  bogs  and  beds  of  lignite. 

The  properties  of  bituminous  coals  differ  widely.  The  amount  of 
volatile  matter  varies  from  15  to  50  per  cent,  the  amount  of  ash  from 
2  to  20  per  cent,  but  the  most  marked  differences  are  observed  in  the  coal 
substance  when  heated.  The  differences  are  noticed  in  the  characters 
of  both  the  volatile  matter  and  the  residue  or  coke.  Some,  when  heated 
fuse  together  to  a  compact  mass,  and  if  heated  sufficiently  leave  behind 
a  firm,  solid  mass  composed  principally  of  carbon  and  the  ash  of  the  coal. 
Such  coals  are  said  to  be  caking  coals.  Non-caking  coals  do  not  fuse  and 
the  mass  left  behind  when  such  coals  are  heated  coheres  only  slightly 
or  not  at  all. 

Coals  are  frequently  changed,  after  mining,  by  the  absorption  of  oxygen 
and  the  loss  of  some  of  their  combustible  constituents,  and  on  long  standing 
their  heating  power  is  materially  changed,  some,  even  losing  their  caking 
power.  Frequently,  this  absorption  of  oxygen  is  so  rapid  and  accom- 
panied with  the  evolution  of  so  much  heat  that  when  large  amounts  are 
stored  in  one  pile  the  temperature  gradually  rises  until  spontaneous  com- 
bustion ensues. 

To  overcome  some  of  these  difficulties  and  to  utilize  those  portions 
of  the  fuel  which  unavoidably  go  to  waste  around  the  mine,  finely  divided 
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coal  is  frequently  mixed  with  pitch  or  tar,  and  compressed  while  hot  into 
molds.  These  briquettes  are  less  bulky,  less  likely  to  deteriorate  and  to 
undergo  spontaneous  combustion,  and  can  bo  fired  more  efficiently  than 
the  raw  coal.  Where  it  ia  necessary  to  keep  large  stores  of  coal  on  hand, 
these  advantages  are  sufficient  to  justify  the  operation  of  briquetting. 
The  practice  of  briquetting  coal  and  lignite  is  more  common  in  Germany 
than  in  this  country.  In  1906,  14,500,851  tons  of  briquettes  were  made 
in  Germany,  including  those  made  from  lignites. 

One  of  the  chief  objections  to  the  burning  of  bituminous  coals  is  the 
production  of  smoke  during  combustion.  It  is  doubtful  if  this  can  be 
prevented  by  any  means  which  involves  the  introduction  of  fresh  coal 
directly  into  the  fire.  Mechanical  stokers,  such  as  illustrated  in  Figs. 
37  and  38,  are  designed  to  bring  the  fuel  into  the  fire  slowly,  and  at  a  ^gular 
rate.     In  Fig.  37  this  is  accomplished  by  a  rocking  motion  of  the  grate  bars 


Fit!.  37. 

which  are  set  at  the  proper  angle,  and  in  Fig.  38  by  the  forward  motion  of 
the  grate  bars  arranged  as  a  continuous  chain.  In  this  way  the  volatile 
matter  is  expelled  gradually  and  mixed  with  sufficient  oxygen  for  its 
combustion,  the  result  being  that  less  smoke  is  produced,  the  fire  kept 
in  a  mora  uniform  condition  than  is  possible  by  hand  firing,  and  at  the 
same  time  the  fuel  is  consumed  more  efficiently. 
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Fig.  38. 

Anthrftcite.  In  composition  the  anthracite  coals  approximate  the 
final  stage  in  tin-  carlwnization  of  vejictable  matter.  On  one  side  of  the 
anthracite  we  have  bituminous  coals  separated  by  the  semi-anthracites, 
and  on  the  other  side  the  anthracites  approach  graphite.  As  indicated 
above,  anthracites  contafn  a  large  amount  of  fixed  carbon  as  compared 
with  their  content  of  volatile  matter.  They  arc  denser  than  bituminous 
coals,  have  a  conchoidal  fraclure,  and  a  high  kindling  temperature. 
Anthracite  is  used  largely  for  metallurgical  work,  for  the  manufacture 
of  producer  and  water  gases,  and  for  domestic  purposes.  As  it  has  little 
volatile  matter,  and  bums  with  a  non-luminous  fiame,  it  is  well  adapted 
to  these  purposes. 
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Below  are  the  analyses  i  of  some  semi-anthracite  and  anthracite  coals 
of  this  country : 


TiOcalitv 

Arkansaa 

5.19 

10.49 

70.31 

14.01 

2.05 

6922 

Rhode  Island 

Indian  Ter. 

5.11 
13.65 
73.21 
8.03 
1.18 
7590 

Virginia 

Pennsylvania 

Moisture 

2.41 
4.92 
73.61 
19.06 
0.07 
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4.80 

10.12 

67.05 

18.03 

0.63 
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3.33 

Volatile  Matter. . . 

Fixed  Carbon 

Ash 

3.27 

84.28 

9.13 

Sulphur 

Calorific  Value. .  . . 

7417 

Charcoal.  Charcoal  is  made  from  wood  by  two  methods.  By  the 
first,  wood  is  converted  into  charcoal  by  what  is  called  the  charring  process. 
This  consists  of  piling  the  wood  into  large  circular  heaps,  leaving  horizon- 
tal flues  near  the  bottom  and  a  vertical  flue  at  the  center  for  the  escape 
of  the  evolved  gases  and  covering  over  the  whole,  except  for  these  points 
of  ventilation,  with  powdered  charcoal,  earth  and  turf.  At  the  points 
of  ventilation  the  wood  bums,  the  area  of  the  combustion  depending  on 
the  drafts,  and  the  heat  produced  by  the  burning  at  these  points  suffices 
to  raise  the  temperature  of  the  whole  mass  to  the  point  where  most  of  the 
volatile  matter  of  the  wood  is  expelled.  When  all  the  volatile  matter 
has  been  driven  off  and  the  escaping  gases  cease  to  bum  with  a  luminous 
flame,  the  draft  holes  are  covered  and  the  operation  stopped.  By  this 
process  air-dried  wood  yields  about  25  per  cent  of  charcoal,  but  all  the 
volatile  matter  is  lost. 

By  the  second  method  of  preparing  charcoal  provision  is  made  for 
the  recover^'  of  these  by-products,  which  consist  of  combustible  gases, 
w^ood  alcohol,  organic  acids,  acetone  and  tar.  For  the  details  of  this 
process  see  Chapter  XXIV.  The  operation  consists  in  the  destructive  dis- 
tillation of  wood  from  closed  vessels,  the  charcoal  remaining  in  the  retort. 
For  the  production  of  charcoal  for  certain  purposes  these  retorts  are  heated 
by  means  of  super-heated  steam. 

Charcoal  is  quite  porous  and  brittle  and  retains  the  shape  of  the  wood, 
though  the  pieces  are  only  about  three-fourths  the  size  of  that  of  the  wood. 
It  still  contains  traces  of  volatile  matter  from  which  it  is  impossible  to 
free  it,  and  the  ash-forming  constituents  of  the  wood.  It  bums  with 
little  flame,  contains  little  sulphur  and  phosphorus,  a  low  amount 
of  ash,  and  has  been  extensively  used  in  metallurgical  work,  especially 
for  the  production  of  the  finer  grades  of  iron  and  steel.  Its  calorific 
value  is  about  7000  calories.  The  porosity  depends  on  the  character  of 
the  wood  used  in  preparing  it,  some  giving  a  denser  product  than  others. 
It  possesses  the  peculiar  property  of  condensing  many  gases  before  they 
reach  their  point  of  liquefaction,  and  of  abstracting  coloring  matter  from 

*  Analyses  made  by  U.  S.  Bureau  of  Mines. 
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solutions.  This  power  of  absorbing  materials  is  frequently  utilized  to 
purify  solutions  from  tarry  materials  and  coloring  matter.  Because  of 
the  great  tendency  of  charcoal  to  hold  back  small  amounts  of  other  sub- 
stances perfectly  pure  amorphous  carbon  is  unknown. 

Coke.  Coke  is  the  residue  left  after  the  destructive  distillation  of 
coal,  and  is  composed  principally  of  carbon  and  the  ash-forming  constit- 
uents of  the  coal  from  which  it  was  formed. 

The  production  of  coke  was  at  first  carried  out  in  much  the  same  way 
that  charcoal  is  obtained  from  wood  in  charcoal  kilns,  the  bee-hive  oven 
of  to-day,  in  which  most  of  the  coke  produced  in  this  country  is  made, 
is  a  development  of  this  method. 

Fig.  39  illustrates  the  bee-hive  oven  as  used  in  this  country.  It  is 
simply  a  dome-shaped  enclosure  built  of  fire  brick,  12  ft,  in  diameter, 
7  ft.  high,  with  an  opening  at  the  top  for  charging  and  for  the  escape  of 
the  products  of  combustion  and  volatile  matter  formed  during  the  opera^ 


tion,  and  a  door  at  the  side  through  wiiich  the  coke  is  withdrawn,  usually 
by  hand,  at  tlie  end  of  the  operation.  This  door  is  built  up  with  fire- 
bricks during  the  process,  except  at  its  top  above  the  level  of  the  charge. 
In  this  way  five  to  six  tons  of  coal  are  coked  at  each  charge,  and  the  time 
required  from  forty-eight  to  seventy-two  hours,  yielding  from  60  to  65  per 
cent  of  coke.  The  operation  is  brought  to  an  end  by  quenching  the  fire 
in  the  oven  with  a  stream  of  water,  after  which  the  coke  is  withdrawn. 
These  ovens  are  usually  built  tog«!ther  in  one  or  two  rows,  with  a  track 
on  top  to  bring  up  the  coal. 

As  seen  from  the  above  description,  the  burning  of  a  part  of  the  coal 
furnishes  the  heat  necessary  for  coking  the  remainder,  and  the  volatile 
matter  of  the  coal  is  either  burned  or  turned  into  the  air. 

Numerous  forms  of  ovens  have  been  tleslgned  to  collect  these  products 
and  use  them.     These  so-called  by-products  consist  of  combustible  gases, 


various  organic  compounds,  compounds  of  nitrogen  including  ammonia 
and  tar. 

Figs.  40,  41  and  42  are  illustrations  of  two  types  of  by-product  coke 


ovens  which  are  used  considerably  in  this  country  and  will  serve  to  illua- 
trate  the  operation. 

The  Otto-Hoffmann  type  of  oven  is  shown  in  transverse  and  longi- 


tudinal sections  in  Figs.  40  and  41.     The  coal  is  charged  through  d  into 
the  coking  chambers  D  beneath.     These  are  long,  narrow  retorts  of  fire- 
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brick  construction  placed  side  by  side,  usually  in  groups  of  fifty.      In  the 
walls  separating  the  retorts  are  the  vertical  flues  /,  in  which  the  gas 
evolved  in   coking  previous  charges  is  returned  from  the  condensing 
house  and  burned  to  furnish  the  heat  for  coking  the  charge.    The  retorts 
are  about  33  ft.  long,   6 J  ft.  high  and  20  ins.  wide,  closed  at    each 
end  by  an  iron  door  which  is  raised  and  lowered  electrically,  and  during 
the  coking  process  luted  with  fire-clay.  .  The  air  for  the  combustion  of 
the  gas  passes  through  the  checker  w^ork  R,  made  of  refractor}-  material, 
which,  as  we  w^ill  see,  is  highly  heated,  the  gas  entering  at  the  burner  B. 
The  burning  gases    pass  along  the  horizontal  flue  Fi,  and  up  each  of  the 
vertical  flues  /  of  one-half  of  the  retort  wall  to  the  upper  horizontal  flue 
Fi,  then  down  the  remaining  vertical  flues  /  of  the  second  half  of  the  wall 
to  a  similar  horizontal  flue  F2»  situated  beneath  the  coking  chamber  Z>, 
then  out  through  the  second  chamber  or  regenerator  /?'  filled  with  refrac- 
tory checker  work,  where  the  heat  of  the  escaping  gases  is  abstracted  b\^ 
heating  up  the  checker  work  to  incandescence.     After  a  certain  length 
of  time,  when  R'  has  been  heated  and  R  cooled,  the  currents  of  air  and  gas 
are  reversed  through  the  flues,  the  air  entering  through  R'  and  the  gas 
through  another  burner  at  the  other  end  of  the  retort.     The  volatile 
products  escape  from  D  through  the  uptake  pipes,  provided  with  valves, 
and  pass  into  the  common  main  G  at  a  high  temperature,  and  are  gradually 
cooled  in  the  iron  pipes,  depositing  some  of  the  condensable  portions, 
the  remainder  being  subsequently  removed  in  the  condensing  house. 

After  the  completion  of  the  coking  process,  the  charge  is  removed  by 
a  steam  or  electrically  operated  pusher,  which  pushes  the  whole  charge 
of  the  retort  out  on  the  opposite  side,  where  it  is  rapidjy  cooled  by  a  stream 
of  water. 

The  time  required  for  coking  a  charge  in  this  type  of  oven  is  about 
twenty-four  hours,  yielding  about  70  per  cent  of  coke. 

In  the  Semet-Solvay  type  of  by-product  oven,  shown  in  Fig.  42,  the 
coking  chamber  D  is  somewhat  similar  to  that  of  the  Otto-HofTmann  oven 
above.  They  are  built  in  sets  of  thirty  or  forty,  are  35  ft.  long,  7^  ft. 
high  and  16j  ins.  wide. 

The  coal  is  charged  through  d  into  the  coking  chamber  D,  the  volatile 
products  escaping  through  g  into  the  common  main  G.  The  flues  /,  built 
in  the  walls  of  the  ovens,  are  in  this  type  five  in  number  and  arranged 
horizontally.  The  gas  returned  from  the  condensing  house  is  delivered 
at  the  four  burners  B,  and  mixes  with  preheated  air  delivered  from  beneath 
the  oven.  The  current  of  burning  gases  is  from  the  top  flue  downward 
through  each  of  the  others,  fresh  gas  burning  at  each  of  the  burners 
during  their  downward  course.  The  gases  from  the  flues  in  each  wall  of 
the  chamber  pass  into  a  single  flue  beneath  Z),  thence  into  a  series  of 
channels  with  thin  walls  where  the  air  passing  to  the  burners  is  preheated, 
as  stated  above.  The  flue  gases  are  subsequently  passed  through  water- 
tube  boilers,  and  their  remaining  heat  used  to  generate  steam  for  power 
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purposes.  A  charge  of  from  seven  to  nine  tons  of  coal  can  be  coked  in 
these  ovens  in  about  twenty-four  hours. 

Coke  is  also  obtained  as  a  by-product  in  the  manufacture  of  coal 
gas,  which  will  be  mentioned  later.  But  the  coke  obtained  in  this  way  is 
soft  and  unfit  for  metallurgical  purposes,  and  is  partly  consumed  in  the 
producer  used  to  heat  the  retorts,  and  for  domestic  purposes. 

During  the  coking  process  the  eoal  fuses  and  the  escape  of  the  gases 
formed  by  the  destructive  distillation  of  the  eoal  leaves  the  residue  or 
coke  full  of  cavities,  the  walls  of  which  are  quite  hard.  This  cellular 
structure  is  very  advantageous,  as  the  coke  to  be  of  service  for  metal- 
lui^ical  work  must  be  sufficiently  strong  to  sustain  the  charge  above  with- 
out crushing,  and  at  the  same  time  must  be  porous.     It  has  a  silvery 
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white  luster,  a  metallic  ring  when  struck  and  is  infusible.  It  bums  without 
smoke  and  has  a  calorifie  value  of  7600  to  SIOO  calorics.  .\U  of  the  ash 
of  the  coal  and  ordinarily  about  half  of  the  sulphur  remain  in  the  coke, 
and  it  is  frequently  necessary  to  wash  the  coal  to  remove  portions  of 
these  constituents  in  order  to  make  a  serviceable  quality  of  coke.  The 
phosphorus  of  the  coal  is  all  found  in  the  coke.  Besides  these,  there  is 
a  considerable  amount  of  nitrogen  and  water,  and  small  amounts  of  hydro- 
gen and  oxygen  which  cannot  be  driven  off  by  heat.  Some  coals,  which 
do  not  yield  a  good  quality  of  coke,  can  be  mixed  to  advantage  with  a 
good  coking  coal. 

The  great  use  of  coke  is  for  metallurgical  purposes,  but  a  great  deal 
is  used  in  gas  producers,  on  railroad  engines  and  for  domestic  purposes. 

The  objection  to  the  use  of  coke  made  in  by-product  ovens  seems  to 
have  been  without  foundation,  and  the  relative  amount  of  coke  made 
in  the  by-product  ovens  has  increased  steadily  and  rapidly.  About 
16.5  per  cent  of  the  coke  made  in  this  country  is  made  in  the  by-product 
ovens,  and  in  Europe  these  ovens  are  in  general  use.  It  seems  that  in 
a  short  time  most  of  the  coke  made  in  this  country  will  be  made  in  this 
way,  the  increase  being  limited  only  by  the  demand  for  the  by-products. 
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Liquid  Fuels.  The  only  liquid  substances  which  have  any  extended 
use  as  fuels  are  crude  petroleum  and  various  products  obtained  b3'  its 
fractional  distillation;  as  petroleum  spirit,  lamp  oil,  and  the  residue  or 
"  residuum  "  left  in  the  retort  after  the  distillation  of  the  lubricating  oils. 
Tars  obtained  as  by-products  in  other  industries  are  sometimes  burner! 
as  fuels  when  a  more  remunerative  market  is  not  available,  but  they  are 
too  expensive  for  this  purpose.  The  objection  of  expensiveness  applies 
also  to  alcohol  at  present,  but  as  it  possesses  certain  advantages  as  a  fuel, 
and  its  production  is  subject  to  our  control,  it  is  possible  that  it  ma>' 
assume  more  importance  in  the  future  if  it  can  be  produced  more  cheaply. 

Petroleum.  Petroleum  is  widely  distributed,  but  86  per  cent  of  the 
world's  output  comes  from  this  countr>'  and  Russia;  the  United  States 
producing  63  per  cent  and  Russia  23  per  cent  of  the  total. ^  In  this  countrj- 
the  Pennsylvania  fields  have  been  most  prominent,  and  it  was  here  that 
oil  was  first  obtained  by  systematic  borings.  Besides  Pennsylvania,  man}' 
other  states  have  become  oil  producing  states,  as  Ohio,  Texas,  and 
California. 

In  using  crude  petroleum  as  a  fuel  the  greatest  objection  is  that  the 
volatile  portions  will  escape  and  mix  with  air  and  form  an  explosive 
mixture,  as  it  requires  only  small  amounts  to  form  an  explosive  mixture 
with  air.  But  it  is  only  necessar}'  to  remove  these  by  distillation  to 
avoid  such  danger. 

In  burning  crude  oil  in  furnaces  it  is  first  converted  into  a  very  fine 
spray  by  means  of  special  burners,  and  the  spray  directed  against  refrac- 
tory material,  which,  becoming  incandescent,  transmits  much  heat  to 
the  boiler  by  radiation,  and  it  also  effects  better  combustion.  These 
burners  are  operated  in  two  ways.  In  the  first,  the  oil  is  "  atomized  " 
by  forcing  it  imder  pressure  through  burners  so  constructed  as  to  send 
the  oil  into  the  furnace  in  a  sheet  of  finest  spray.  By  the  second  the  same 
disintegration  of  the  oil  is  accomplished  by  a  jet  of  steam.  The  objection 
to  the  second  method  is  that  a  large  amount  of  steam  is  consumed,  and 
the  flame  is  cooled  down  at  the  point  where  the  combustion  should  be 
most  rapid,  and,  while  steam  is  effective  in  securing  the  combustion  of 
the  last  portions  and  preventing  the  formation  of  smoke,  it  can  be  best 
introduced  later  in  the  flame  and  in  smaller  amounts. 

Several  advantages  are  obtained  by  using  petroleum  as  a  fuel.  It  has 
a  high  calorific  value,  from  10,000  to  10,500  calories,  is  more  imiform  than 
coal,  is  easily  regulated  to  secure  complete  combustion  and  the  rate  of 
combustion  can  be  changed  by  merely  turning  the  valve  admitting  the 
fuel.  It  does  not  deteriorate  if  kept  in  covered  tanks,  and  no  spontaneous 
combustion  occurs.  It  requires  a  small  fraction  of  the  number  of  stokers 
required  to  bum  coal,  gives  no  ashes,  cinders  or  smoke  when  properly 
burned,  and  is  easily  transferred  at  sea  through  flexible  hose  by  pumps. 

*The  Production  of  Petroleum  in  1007.    U.  S.  Geological  Survey. 
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Still  the  output  is  so  small  when  the  total  amount  of  fuel  consumed  is 
considered,  and  the  supply  so  uncertain,  that  it  seems  that  petroleum  as 
a  fuel  must  remain  an  adjunct  except  near  the  sources  of  supply  and  for 
certain  special  purposes  such  as  on  fast  ocean-going  ships,  for  use  in  navies, 
and  to  assist  in  meeting  sudden  demands  on  powerhouses  of  a  temporary 
character. 

Gaseous  Fuels.  When  the  products  of  combustion  of  solid  fuel  are 
allowed  to  pass  through  a  bed  of  incandescent  carbon  they  are  partially 
reduced,  and  can  be  ignited  on  their  escape.  The  pale  blue  flame  often 
seen  burning  at  the  top  of  an  open  grate  fire  is  an  illustration.  And  if 
the  fuel  bed  were  sufficiently  thick  and  hot  enough  to  reduce  most  of  the 
carbon  dioxide  and  water  formed  at  the  bottom  of  the  grate,  and  pro- 
vision made  for  collecting  the  gas,  we  should  have  a  sample  of  producer  gas. 

Producer  gas  is,  then,  the  combustible  gas  obtained  by  the  burning 
of  solid  fuel  with  a  restricted  supply  of  air,  or  with  air  and  steam  together 
in  such  a  way  that  there  is  subsequent  reduction  of  the  products  of 
combustion  and  the  steam  by  incandescent  carbon.  When  air  alone 
is  used,  the  gas  is  called  "  air  gas."  When  steam  is  blown  in  along 
with  the  air  the  gas  obtained  is  called  "  semi-water  gas."  By  the  action 
of  steam  alone  on  heated  carbon  the  product  is  "  water  gas." 

Whenever  carbon  bums  the  first  product  of  the  reaction  is  carbon 
dioxide  according  to  Eq.  (1)  C-f  20  =  CO2+ 96960  calories.  If  the  supply 
of  oxygen  is  limited  and  there  is  sufficient  contact  of  the  gases  with  the 
carbon  the  temperature  increases  until  the  carbon  dioxide  first  formed 
is  partially  reduced  according  to  Eq.  (2)  C02  +  C=^2CO— 38960  calories. 
Of  the  96960  calories  developed  in  the  formation  of  the  gram-molecule 
of  carbon  dioxide  according  to  Eq.  (1),  38960  calories  are  consumed 
in  the  second  reaction  and  stored  up  as  chemical  energy  in  the  carbon 
monoxide  formed,  and  58,000  calories  liberated.  As  two  gram-molecules 
of  carbon  monoxide  are  formed  in  Eq.  (2),  the  58,000  calories  liberated 
constitute  about  30  per  cent  of  the  total  heat  of  combustion  of  the  two 
gram-molecules  of  carbon  which  are  present  in  the  combustible  gas  formed, 
when  burned  according  to  Eq.  (1).  In  other  words,  by  this  method  of 
converting  solid  carbon  into  carbon  monoxide,  about  30  per  cent  of  the 
heat  of  combustion  of  the  carbon  i^  liberated  in  the  producer,  even  if 
the  reaction  according  to  Eq.  (2)  is  complete,  which  is  never  the  case, 
for  the  reaction  is,  as  represented,  reversible,  and  for  every  temperature 
there  is  a  definite  composition  of  the  gas  mixture  which  is  in  equilib- 
rium with  carbon  at  that  temperature.  The  extent  to  which  the  action 
approaches  equilibrium  depends  on  the  velocity  of  the  action  and  the 
time  and  extent  of  contact  of  the  gases  with  the  heated  carbon.  This 
heat  evolved  in  the  producer  need  not  all  be  lost,  as  the  gases  may  be 
used  while  much  of  this  heat  is  contained  in  them,  or  it  may  be  used 
to  preheat  the  air  and  steam  put  into  the  producer,  but  the  loss  will  still 
be  about  20  per  cent  of  the  heat  of  combustion  of  the  carbon. 
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Producer  gas  has  the  lowest  calorific  value  of  any  gaseous  fuel,  and 
the  temperature  of  its  flame  is  the  lowest  of  any,  yet  it  is  the  cheapest 
artificial  gas  per  unit  of  heat.  It  has  become  of  great  commercial  advan- 
tage, as  nearly  any  kind  of  solid  fuel  can  be  converted  into  a  gaseouB 
fuel  in  the  producer.  Although  about  20  per  cent  of  the  total  heat  of 
combustion  of  the  fuel  is  lost  in  the  producer,  the  remainder  can  be  used 
so  efficiently  that  the  loss  is  more  than  retrieved.  Its  use  in  connection 
with  the  gas  engine  i.s  an  efficient  means  of  power  generation.  With 
care  it  can  be  burned  with  a  small  excess  of  air,  and  complete  combustion 
secured,  causing  a  smaller  amount  of  heat  to  be  carried  away  by  the 
escaping  gases. 

It  is  finding  application  in  commercial  work  of  many  kinds  where 
a  gas  of  high  calorific  value  is  not  required. 

Siemens'  Regenerative  Funiace.  The  method  used  in  connection  with 
the  Otto-Ho£fmann  oven  above,  for  recovering  the  heat  from  the  flue 
gases  is  known  as  the  regenerative  system.     Fig.  43  is  an  illustration 


of  this  type  of  furnace,  which  was  first  worked  out  by  Siemens  in 
connection  with  his  gas  producer,  and  known  as  the  Siemens  "regen- 
erative" furnace.  Beneath  the  furnace  proper,  A,  are  four  chambers, 
B,  C,  D,  and  E,  filled  loosely  with  firebrick.  The  gas  and  air 
enter  through  B  and  C,  and  after  burning  pass  out  through  D  and 
E.  After  the  interior  of  D  and  E  is  highly  heated  the  direction  of  the 
gases  is  reversed,  the  gas  and  air  entering  through  D  and  E,  where  they 
are  highly  heated  before  burning,  and  escape  through  A  and  B.  YariouB 
methods  have  been  worked  out  for  the  recovery  of  the  heat  contMned 
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in  the  gases  which  escape  hot  after  the  completion  of  an  operation.  This 
is  illustrated  in  the  Otto-Hoffmann  and  Semet-Solvay  coke  ovens  above, 
and  in  connection  with  gas  producers  it  is  a  matter  of  considerable 
importance  to  use  as  much  as  possible  of  the  heat  of  the  escaping  gases 
to  preheat  the  air  and  steam  introduced  into  the  producer. 

Water  Gas.  Steam  is  usually  forced  into  the  gas  producer  along 
with  air  to  overcome  practical  difficulties  encountered  in  operating  the 
producer  with  fair  alone,  and  at  the  same  time  to  increase  the  calorific 
value  of  the  gas.  As  the  action  of  steam  on  carbon  is  accompanied  with 
an  absorption  of  heat,  it  is  necessary  to  supply  heat  to  continue  the  opera- 
tion. The  production  of  *' semi-water  gas"  is  made  a  continuous 
operation  by  the  heat  generated  by  the  action  of  the  oxygen  of  the  air 
on  the  fuel  in  the  producer'.  By  separating  the  two  operations  taking 
place  in  the  formation  of  "semi-water  gas,"  and  collecting  the  result- 
ing gases  separately,  we  would  obtain  "air  gas"  and  "water  gas."  The 
intermittent  operation  of  the  producer  with  air  and  steam  is  the  usual 
method  of  preparing  water  gas.  The  producer  is  operated  a  few  minutes 
with  air  until  the  temperature  is  sufficiently  high,  when  steam  is  passed 
in  until  the  temperature  falls  too  low  to  produce  a  gas  of  high  calorific 
value. 

The  action  of  steam  on  highly  heated  carbon  results  in  the  formation 
of  carbon  dioxide,  hydrogen,  and  carbon  monoxide  in  proportions  varying 
with  conditions.  It  is  customary  to  express  the  action  by  the  following 
two  equations: 

(1)  2H2O + C  =  CO2 + 2H2  - 18340 

(2)  H2O+C  =  CO+H2-28650. 

At  low  temperatures  the  reaction  is  mostly  according  to  Eq.  (1) 
while  at  more  elevated  temperatures,  according  to  Eq.  (2). 

As  the  gases  formed  by  these  two  reactions  are  capable  of  reacting 
according  to  Eq.  (3)  C02  +  2Hf=»CO  +  H20— 9310,  and  since  equilibrium 
is  obtained  more  readily  between  gases  than  between  a  solid  and  a  gas, 
the  composition  of  the  water  gas  will  tend  to  approach  the  condition  of 
equilibrium  according  to  this  equation. 

The  producer  used  to  generate  water  gas  does  not  differ  greatly  from 
the  ordinary  gas  producer.  The  first  successful  water  gas  plant  was 
worked  out  by  Lowe  in  1874.  Fig.  44  is  an  illustration  of  such  a  plant, 
Air  enters  at  E  and  the  "air  gas"  formed  during  this  operation  passes 
out  at  F,  where  it  meets  with  additronal  air  at  G  and  is  burned.  B  and  C 
are  two  chambers  filled  with  checker  work,  which  is  highly  heated  by  the 
burning  gases.  The  air  currents  are  then  stopped  and  steam  passed 
in  at  the  top  of  C  and  enters  A  highly  heated.  It  is  decomposed  by  the 
incandescent'^^rbon  and  the  gas  formed  passes  out  at  K. 

For  illuminating  purposes,  water  gas  which  bums  with  a  non- 
luminous  flame  is  passed  over  highly  heated  surfaces  over  which  a  slow 
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stream  of  petroleum  is  allowed  to  flow.  The  products  of  decomposition 
of  the  petroleum  mixing  with  "water  gas"  contribute  the  desired  illu- 
minants.     (See  Chapter  XXI.) 

By  having  a  thin  fuel  bed  it  is  possible  to  operate  during  the  intro- 
duction of  air  in  such  a  way  that  practically  no  carbon  monoxide  is 
produced,  and  the  total  heat  of  combustion  of  the  carbon  consumed  is 
liberated  in  the  producer.     The  time  required  for  the  operation    mth 
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the  air  blast  is  much  reduced  in  this  way.     The  composition   of  water 
gas  is  aixjut  as  follows: 

Hydrogen 51.5 

Carbon  monoxide 41.0 

Methane 0.1 

Carbon  dioxide 4.0 

Nitrogen 3.4 

lOO.O 

It  is  composed  almost  entirely  of  combustible  gases  and  has  a  calorific 
value  much  higher  than  producer  gas.  The  presence  of  such  large  amounts 
of  carbon  monoxide,  which  is  highly  poisonous  and  without  odor,  consti- 
tutes a  danger  in  its  use. 
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Coal  Gas.  Coal  gas  is  made  by  the  destructive  distillation  of  coal  in 
fireclay  retorts  of  special  construction.  Fig,  46  is  a  transverse  section 
through  a  bench  of  such  retorts.  They  are  mounted  above  a  gas  producer 
which  furnishes  the  gas  with  which  the  retorts  are  heated.  Above  is  a 
fireclay  arch.  Each  retort  effects  the  distillation  of  a  charge  of  about 
400  lbs,  in  four  hours.  The  gas  escapes  through  a  cast-iron  mouthpiece 
which  closes  the  open  end  of  the  retort  and  into  a  common  main,  where  the 

HfMjf  flr  aw- jTBwnr 


Pig.  45. 

opening  of  each  tube  ia  water  sealed  to  prevent  back  pressure  when  the 
retort  is  opened. 

The  composition  of  the  gas  varies  with  the  kind  of.  coal  used  and  the 
conditions  during  distillation.  These  cause  greater  change  in  the  illumi- 
nating power  than  in  the  calorific  value.  It  bums  with  a  bright,  often 
sooty  flame,  and  as  it  is  composed  almost  entirely  of  combustible  gases  it 
has  a  high  calorific  value.  The  coke  left  in  the  retort  is  of  inferior  quality 
because  of  the  method  used  to  effect  distillation  and  the  character  of  the 
coal  necessary  to  form  a  good  quality  of  gas.  * 
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It  is  used  principally  for  illuminating  purposes,  and  on  account  of  its 
high  calorific  value,  it  is  used  to  some  extent  where  a  great  deal  of  fuel 
is  not  needed.     For  further  particulars  see  Chapter  XXI. 

The  following  ^  is  an  average  composition  of  coal  gas: 

Hydrogen 48.0 

Carbon  n^onoxide 8.0 

Methane 36.0 

Unsaturated  hydrocarbons 3.8 

Nitrogen 4.2 

Oil  Gas.  Oil  gas  is  made  by  the  destructive  distillation  of  petroleums. 
It  is  somewhat  similar  to  coal  gas,  and  contains  a  considerable  amoimt  of 
unsaturated  hydrocarbons  which  imparts  luminosity  to  the  flame. 

Natural  Gas.  Natural  gas  occurs  ready,  formed  in  the  earth,  and  in  the 
oil  regions  of  Pennslyvania  and  Russia  it  is  found  in  enormous  quantities. 
It  always  accompanies  petroleum,  and  their  origins  are  closely  connected. 
It  is  frequently  confined  under  great  pressure,  and  when  borings  are  made 
through  the  overlying  strata  its  escape  is  at  times  beyond  control.  While 
it  always  accompanies  petroleum,  it  is  sometimes  found  alone. 

As  it  is  composed  almost  entirely  of  combustible  gases,  its  calorific 
value  is  very  high.  The  natural  gas  of  this  country  bums  with  a  slightly 
luminous  flame,  and  has  a  higher  kindling  point  than  other  gaseous  fuels. 
When  it  is  properly  burned  it  is  an  excellent  fuel  because  of  its  high  calorific 
value  and  practically  smokeless  flame. 

The  composition  of  natural  gas  varies  according  to  the  locality,  that 
from  any  one  district  remaining  quite  uniform  in  composition. 

'  J.S.C.  I.,  1S8S,  p.  20. 
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PRODUCER  GAS 

OSKAR   NAGEL 
Consulting  Chemical  Engineer,  New  York  City 

The  Producer.  The  producer  is  a  simple  and  efficient  apparatus  for 
the  manufacture  of  a  cheap  industrial  gas.  Other  important  advantages 
of  this  apparatus  and  its  appUcation  are:  smokeless  combustion  of  great 
uniformity,  exact  regulability  of  the  fire  and  heat,  and  the  attainment  of 
very  high  temperatures  by  preheating  the  air  of  gasification  and  combus- 
tion. By  working  with  an  excess  of  air  or  gas,  respectively,  an  oxidizing 
or  reducing  flame  is  produced.  Finally  the  combination  of  the  various 
fireplaces  into  one  central  station  and  the  saving  effected  in  the  cost  of 
transportation  of  fuel  and  ashes  are  factors  which  should  by  no  means  be 
underestimated. 

The  Construction  of  Gas  Producers.  The  first  and  oldest  type  of  pro- 
ducer is  that  which  has  been  developed  from  the  blast  furnace  and  is  a 
vertical  shaft  in  which  the  fuel  moves  downward,  while  the  air  and  the  gas 
travel  in  the  opposite  way.  The  gas  formed  passes  through  the  green  fuel, 
carrying  along  water  and  volatile  matters.  The  shaft  is  built  of  firebricks 
and  surrounded  by  a  wrought-iron  shell.  The  tops  of  the  producers  are 
sometimes  made  of  an  arch  of  firebricks,  but  frequently  only  provided 
with  water-cooled  covers  made  of  iron.  Cast  steel  is  also  sometimes  used 
for  the  parts  that  are  exposed  to  considerable  heat.  The  shaft  is  generally 
circular,  sometimes,  however,  square.  The  walls  are  mostly  vertical, 
sometimes  showing  wider  and  narrower  portions,  as  will  be  seen  from  the 
illustrations. 

Fixed  rules  as  to  the  interior  shape  cannot  be  given,  different  fuels 
requiring  a  different  treatment.  The  main  consideration  must  be  to 
provide  for  the  increase  of  volume  of  certain  coals  during  the  period  of 
distillation;  for  this  reason  the  shaft  is  enlarged  down  to  the  zone  of 
reduction.  The  walls  near  this  zone  should  be  vertical  so  as  to  prevent, 
as  far  as  possible,  the  slag  from  sticking.  At  the  bottom  end  the  shaft  is 
frequently  made  narrower  in  order  to  force  the  air  straight  upward,  instead 
of  along  the  side  walls.  Such  a  narrowing  will  never  do  any  harm,  as  at 
this  point  the  volun:e  of  the  fuel  is  already  considerably  decreased  by  the 
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partial  combustion.  Vertical  walls  facilitate  the  uniform  downward 
travel  of  fuel. 

Poke  holes  are  generally  provided  in  the  cover  and  in  the  side  walls, 
in  order  to  make  it  possible  for  the  fireman  to  reach  the  interior  layers  of 
the  fuel  and  to  break  up  the  clinker. 

Since  in  a  vertical  shaft  the  fuel  is  easily  kept  at  uniform  height,  the 
shaft  producer  is  used  to-day  almost  exclusively,  but  always  in  cases 
where  the  producer  plant  is  not  directly  connected  to  the  furnace. 

Siemens*  Producer.  The  second  type,  which  was  developed  by  Sie- 
mens, is  used  when  producer  and  furnace  are  built  in  one  unit,  Fig.  46. 
The  fuel  is  chatted  through  a  hopper  provided  at  the  top  and  passes  over 


an  inclined  firebrick  wall,  which,  at  the  bottom,  is  continued  as  a  step- 
grate. 

The  Siemens  type  of  producer  offers  less  resistance  to  the  passage  of 
the  gas  through  the  fuel  bed  than  the  shaft  type,  as  in  the  latter  the  gas  has 
to  travel  through  the  entire  height  of  the  coal  contained  in  the  producer. 
For  this  reason  blowers  are  used  in  producers  of  the  shaft  type,  while  in 
Siemens  producers  in  many  eases  natural  draft,  produced  by  a  stack 
behind  the  furnace,  is  employed;  this,  however,  frequently  necessitates  a 
reduction  of  the  fuel  layer  and  thereby  causes  incomplete  gasification. 

The  loss  produced  by  the  last-mentioned  fact  is  not  very  considerable, 
as  the  gas  produced  is  directly  and  immediately  u.sed  and  pretty  nearly  all 
the  heat  passing  from  the  producer  to  the  furnace  utilized.  If,  on  the 
other  hand,  the  gas  would  be  cooled  before  being  used,  very  considerable 
losses  (up  to  40  per  cent  or  50  per  cent)  would  result.  Therefore,  shortly 
after  the  introduction  of  the  Siemens  producers  addition  of  steam  was 
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employed  by  arranging  a  water  pan  in  the  ash  pit  and  producing  the 
steam  by  the  radiating  heat. 

Half-gas  Firing.  Within  the  class  of  Siemens  producers  we  must  also 
include  the  so-called  "half-gas  firings,"  which  are  especially  used  for  low- 
grade  fuels.  These  firings  are  not  supposed  to  produce  complete  gasifica- 
tion. The  gas  produced  contains  much  carbon  dioxide. .  For  utilizing  the 
monoxide,  an  additional  supply  of  air  is  introduced  in  the  combustion 
place. 

In  the  charging  hopper  B,  Fig.  47,  tarry  gases  and  steam  are  produced 
by  dry  distillation.  In  order  to  prevent  them  from  escaping  during  the 
charging  of  fuel,  cormecting  channels  D  are  provided  between  the  producer 
H  and  the  hopper.  These  channels  are  frequently  provided  with  a  movable 
slide.    The  secondary  combustion  air  enters  through  tuyeres  A  after  being 


preheated  in  the  brickwork.  It  is  a  disadvantage  that  these  producers 
depend  wi  the  chimney  draft,  because  the  latter  is  governed  by  atmos- 
pheric conditions.  Hence,  even  in  these  producers  artificial  blast  has  been 
resorted  to,  which  permits  the  use  of  a  higher  fuel  bed.  Fig.  48  shows  this 
new  development  of  the  Siemens  producer  (four  producers  combined  to 
one  unit),  which  is  very  similar  to  the  shaft  type. 

Continuous  operation  is  especially  desirable  with  installations  contain- 
ing only  one  producer,  while  in  plants  comprising  a  number  of  producers  an 
alternate  disconnection  for  cleaning  purposes  Is  possible.  If  one  main  is 
supplied  frcHn  several  producers,  the  uniformity  of  the  gas  is  increased. 

The  charging  appliances  erf  gas  producers  must  be  so  arranged  that  the 
production  of  gas  is  not  interfered  with  during  the  operation  of  charging. 
This  is  effected  by  bell  hoppers. 

In  all  these  hoppers  the  fuel  to  be  charged  is  first  transported  to  a 
hopper  space,  which  is  separated  from  the  producer  space  proper  by  an 
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Eur-tight  bell.  Then  the  upper  door  of  the  hopper  space  b  closed  and  by 
opening  the  bell  the  charge  is  allowed  to  run  into  the  producer.  Fig.  49 
shows  such  a  hopper.     The  charging  is  done  at  certain  intervals,  which 


causes  a  change  in  the  uniformity  of  the  gas,  as  the  dry  distillation  of  the 
green  coal  is  not  going  on  uniformly. 

Ebebnan  Method.  In  order  to  produce  a  more  uniform  gas  and  to 
reduce  the  manual  work,  continuous  charging  has  been  tried  by  various 
ways.  The  first,  suggested  by 
Ebeiman,  Fig.  50,  in  the  first  half 
of  the  nineteenth  century,  consists 
of  the  application  of  a  chai^g 
shaft,  from  which  the  fuel  gradu- 
ally travels  to  the  zone  of  com- 
bustion. The  gas  is  drawn  oft 
outside  the  charging  shaft,  whereby 
the  latter  assumes  the  tempera- 
Fin.  49.  ture  of  the  escaping  gas.  This 
causes  the  generation  of  gas  already 
in  the  shaft  and  makes  the  use  of  a  bell  hopper,  Fig.  49,  unavoidable, 
except  in  ca.ses  where  still  larger  quantities  of  fuel  are  kept  in  readiness 
above  the  charging  shaft.  The  latter  is  generally  made  of  cast  iron,  and 
is  gradually  destroyed  if  exposed  to  high  temperatures. 
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Buire-Lencauchez  Producer.  In  the  producer  of  Buire-Lencauchea, 
Fig.  51,  the  gases  escape  through  the  charging  shaft. 

Zetzsche  has  gone  stil!  further  by  so  developing  this  central  pipe  that 
it  can  be  lengthened  or  shortened,  whereby  the  height  of  the  fuel  bed  can 
be  regulated  according  to  the  quality  of  the  fuel.  The  lower  rings  of  the 
pipe  can  be  easily  exchanged  if  necessary. 


Fia.  63. 

A  second  method  of  charging  continuously  employs  various  mechan- 
ical appliances,  the  first  among  them  having  l>een  constructed  by  Bildt 
Fig.  52.  A  water-seal  producer  with  Bildt  feed  is  shown  in  Fig.  53;  while 
there  are  a  considerable  number  of  other  mechanical  charging  devices  on 
the  market. 

Removal  of  Ash.  Another  important  part  of  the  producer  is  the 
means  for  removing  the  ash  and  clinker.  Here  the  aim  b  also  to  reduce 
the  manual  work  and  to  decrease  the  loss  of  combustibles  through  the 
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ash.  In  the  old  Siemens  producers  up  to  10  per  cent  of  the  fuel  waa 
found  in  the  ash,  later  producere  showed  a  loss  of  5  per  cent,  while  in 
modem  producers  the  loss  is  said  to  be  reduced  to  1  per  cent  or  ij  per 
cent.  Further  aims  are  the  removal  of  clinker  without  discontinuing 
the  operation  of  the  producer  and  accessibility  of  its  respective  parts. 

Blowers.      We  will  now  say  a  few  words  regarding  the  blast,  which 
is  produced  in  all,  or  nearly  all,  plants  by  means  of  steam  jet  blowers, 
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which  are  the  most  convenient  appliances  to  that  end,  as  they  do  not 
get  out  of  order;  furthermore,  every  producer  is,  and  remains,  inde- 
pendent with  respect  to  the  blasts  if  the  latter  is  produced'by  steam  jet 
blowers.  (For  very  wet  fuels,  as  certain  grades  of  peat  and  lignite,  dry 
blast  has  to  be  used,  as  is  easily  understood.)  The  steam  jet  blower 
must  be  properly  constructed  in  order  to  produce  economically  the  highest 
possible  steam  velocity. 

Fig.   54   shows  the   well-known   Koerting  blower  with   spindle.     A 
is  the  air  inlet,  R  the  regulating  spindle,  S  the  steam  connection,  M  the 
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nozzles.  With  ordinary  bituminous  or  hard  coals  there  is  no  difficulty 
to  so  regulate  the  quantity  of  air  by  means  of  the  steam  jet  blower  as 
to  get  dry  gas.  It  is  hardly  necessary 
to  lay  stress  upon  the  self-evident  fact 
that  the  steam  used  in  these  blowers 
should  be  dry- 

A  high-pressure  blast  is  of  no 
advantage  in  the  operation  of  pro- 
ducers, as  it  means  an  unnecessary 
loss  of  energy,  formation  of  holea  and 
deterioration  of  the  gas. 

In  Fig.  55  is  shown  the  ash  pit  of 

a  producer  without  a  grate.     The  ash 

rests  upon   a   firebrick  base,  the   air 

Fig.  57.  enters  through  the  sides  as  shown  by 

the  arrows.     In  a  vertical  producer  of 

considerable  diameter  the  air  will  rise  along  the  wall,  the  path  of  least 

resistance,  whereby  a  dead  zone  is  formed  in  the  center  of  the  shaft, 


causing  a  defective  production  of  gas.     Therefore  in  large  producers  the 
diameter  is  frequently  decreased  toward  the  bottom. 
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The  simple  plane  grate  insures  a  unifonn  distribution  of  the  ur  over 
the  entire  area.  However,  with  lai^  diameters  the  life  of  the  grate 
is  short  and  the  removing  of  the  clinkers  a  very  tedious  and  difficult 
operation.  Furthermore,  the  unburned  fuel  faUing  through  these  grate 
bars  represents  a  considerable  loss. 

For  facilitating  the  removing  of  the  clinkers  in  lai^  producers,  so- 
called  "false  grates"  have  been  resorted  to,  which  at  the  period  of  cleansing 
are  inserted  above  the  ashes.  In  this  case  the  gas  production  is  stopped 
during  cleanii^.  Turk's  producer,  which  is  illustrated  in  Fig.  56,  shows 
in  ^it  e  the  place  where  the  false  grate  is  inserted  above  the  grate  h. 


Fia.  59. 

Step  grates  are  also  sometimes  employed.  Fig.  57  shows  such  an 
arrangement  in  a  Turk  producer.  Fig.  58  illustrates  a  Poetter  pro- 
ducer with  so-called  polygonal  grate.  The  removal  of  the  clinker  from 
these  producers  is  by  no  means  an  easy  job.  The  loss  through  fuel 
getting  into  the  ash  is  5  to  6  per  cant. 

Of  similar  construction  is  the  producer  with  basket-shaped  grate, 
which  is  built  by  Paul  Schmidt  and  De^ras.  It  is  mainly  used  for 
lignite  briquettes.  The  channels  for  the  admission  of  air  also  support 
the  circular  lower  grate  beam.  The  ashes  rest  in  most  of  these  con- 
structions upon  the  bottom  of  the  ash  pit,  which  is  covered  with  water. 
Sometimes  also  plane  grates  are  used  at  the  lowest  point  of  the  grate 


98  INDUSTRIAL  CHEMISTRY 

re^on.     The  Mond  producer  shows  a  similar  construction  around  the 
grate. 

^  all  these  producers  the  clinker  accumulations  formed  iqust  be 
loosened  through  the  grate  slits.  Hence  the  various  parts  have  to  be 
removable  and  exchai^eable.    In  order  to  facilitate  the  removal  of 


Fia.  60. 

the  clinkers,  Schneefuss  has  proposed  a  shaking  grate  of  basket  shape 
suspended  on  chains. 

During  the  period  of  removing  the  clinkers,  the  operation  must  be 
interrupted  in  all  these  producers,  as  the  ash  doors  have  to  be  opened. 

Water  Seal  Producer.  If  the  operation  of  the  producers  is  to  be 
continuous,  the  ashes  and  clinkers  must  be  removed  during  the  operation. 
This  is  effected  either  by  a  water-seal  or  by  mechanical  draft  appliances. 
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A  typical  producer  with  water  seal  aa  constructed  by  Poetter  &  Company 
18  shown  on  Fig,  59.  The  combustion  air  is  introduced  through  a  central 
pipe.  The  hot  bed  of  ashes  effects  a  posterior  combustion  of  carbon 
particles  which  might  have  escaped  combustion  and  causes  a  better 
distribution  of  the  air. 

The  Morgan  Producer.  In  the  Morgan  producer  Fig.  60,  which 
gives  excellent  results — the  loss  of  fuel  in  the  ash  being  reduced  to  1  per 
cent  to  Ij  per  cent— the  air  is  introduced  in  the  center,  while  Schlueter 
Fig.  61  arrives  at  good  results  by  introducing  air  at  the  sides  through  a 
certain  number  of  tuyeres  and  by  suitably  reducing  the  diameter  of 
the  producer  in  the  zone  of  combustion. 


Fin.  61.  _  Fi(i.  62. 

As  part  of  the  water  of  the  seal  is  evaporated  by  the  heat  of  the  ash, 
the  quantity  of  water  (steam)  put  into  these  producers  must  be  reduced. 
The  clinkers  are  loosened  by  poke-holes  in  the  walls.  A  producer  of 
remarkable  simplicity  in  which  the  removal  of  ash  and  clinkers  is  easily 
performed  is  the  Duff  producer,  'which  in  the  Bradley  modification  is 
shown  in  Fig.   62. 

The  special  feature  of  this  producer  is  the  use  of  four  blowers  and 
four  grates.  It  is  to  be  stateii  that,  while  only  two  grates  are  shown 
in  the  cut,  a  dividing  plate  is  provided  between  each  grate.  This  makes 
practically  four  independent  grates.  For  instance,  should  the  fire  get 
too  hot  at  either  of  the  end  walls  running  parallel  with  the  grate,  the 
blowers  controlling  those  halve:?  of  the  grates  are  closed  down  partly 
or  entirely,  as  the  case  may  require.  This  applies  also  to  the  center  halves 
of  ihe  grates,  which  are  controlled  and  regulated  in  the  same  manner. 
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Hence  an  excellent  control  of  the  condition  of  the  fire  is  eGTected  by  the 
regulation  of  the  steam  and  air  blast. 

For  the  removal  of  ashes  mechanical  arrangements  have  also  been 
constructed.  The  Taylor  producer  Fig.  63  was  among  the  first  of  this 
kind.  In  this  type  a  solid  circular  bottom  plate  or  table  carries  a  deep 
bed  of  ashes  and  is  arranged  to  revolve;  the  revolving  of  this  table  dis- 
charges the  ash  and  clinker  over  the  edge  into  a  sealed  ashpit  beneath. 
The  table  is  revolved  by  means  of  a  rack  under  the  table,  engaging  with 
a  pinion  on  a  shaft  driven  by  hand  or  power  gearing  substantially  attached 
to  the  outdde  of  the  lower  casing.     Suitable  guides  hold  the  table  care- 


fully. The  grinding  is  done  as  fa-st  as  the  ashes  rise  too  far  above  the 
desired  line — say,  every  six  to  twenty-four  hours,  or  according  to  the  rate 
of  working.  The  bed  of  ash  is  kept  about  3  J  ft.  deep  on  the  revolving 
table  in  the  larger  sizes. 

Another  example  of  a  self-cleaning  continuous  producer  is  the  Hughes 
type,  shown  in  Fig.  64.  This  producer  is  divided  into  two  parts,  the 
upper  and  the  lower,  with  a  water  seal  between,  the  upper  portion 
rotating  mechanically.  By  means  of  an  iron  bar,  thrust  between  the  ash 
table  and  the  revolving  part  of  the  body,  the  clinkers  are  broken  up 
and  with  the  ashes  fall  into  the  ash  receptacle  beneath.  By  opening 
an  outlet  valve  at  the  bottom  of  this  cone-shaped  ash  receptacle  the 
ashes  are  discharged  into  cars  underneath. 
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The  upper  shell  of  the  producer  is  made  of  steel  plate  riveted  to  and 
resting  upon  a  steel  ring,  forming  a  combined  tread  and  racli.  This  rack 
is  driven  by  a  vertical  shaft  and  pinion  connected  to  the  main  driving 
shaft  by  a  train  of  gearing.  Thus  the  upper  shell  is  rotated  as  above 
mentioned.  The  tread  of  this  steel  rack  travels  on  conical  chilled  iron 
wheels  having  tight  axles  revolving  in  self-oiling  boxes. 


Fig.  64. 

A  further  development  as  far  as  the  rotation  of  the  grate  parts  is 
concerned  is  the  Kerpely  producer,  shown  in  Fig.  65.  The  rotating  plate 
is  developed  as  water  seal  and  carries  the  grate,  which  consists  of  several 
plates,  through  which  the  air  passes  into  the  producer.  The  lower  part 
of  the  grate  disintegrates  the  clinkers  and  the  latter  are  automatically 
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removed  from  the  water  seal  by  means  of  a  shovel.    One  rotation  is 
made  in  three  hours. 

In  the  Rehmann  producer  the  rotating  parts  consist  of  suitably 
arranged  cones,  which  are  provided  with  perforations  through  which 
the  air  enters.  The  arrangement  of  the  shovels  for  removing  the  ash 
is  shown  in  Fig.  66.  The  larger  pieces  of  clinkers  are  raked  out,  the 
smaller  ones  shoveled  out. 

In  these  producers  the  ash  is  loosened  and  the  clinker  disintegrated. 
We  will  now  discuss  the  next  step — ^the  mechanically  poked  producers. 

The  Fraser-Talbot  producer  Fig.  67  pokes  the  fuel  by  means  of 
two  agitators  arranged  on  a  vertical  shaft. 

The  latest  development  along  these  lines  is  the  Hughes  producer 
Fig.  68,  in  which  the  mechanical  poker  is  a  water-cooled  steel  casting 
suspended  from  a  trunnion.     The  poker  is  operated  by  ratchet  gearing 

actuated  by  a  crank  and  crank-shaft 
which  is  driven  by  a  reduction  gearing 
connected  to  the  main  shaft.  This 
mechanism  moves  the  poker  back 
and  forth,  agitating  and  breaking 
up  the  mass  of  fuel,  and  evenly  dis- 
tributes the  coal  and  helps  in  work- 
ing down  the  ashes  for  removal.  The 
uniform  treatment  secured  by  the 
mechanical  poker  gives  better  and 
more  uniform  results  as  to  qualitj% 
quantity  and  supply  of  gas,  and 
reduces  the  cost  of  installation  and 
operation.  The  power  required  to 
operate  a  single  producer  is  3  electric 
horse-power.  Twenty-five  pounds  of 
coal  are  gasified  per  square  foot. 

The  Combustion  of  Producer 
Gas.  High  eflSciency  of  combustion 
depends  on  thoroughness  of  the  gas- 
air  mixture,  and  on  preheating  the 
air.  In  order  to  obtain  a  tempera- 
ture of  bright  red  incandescence  it 
is  imperative  to  preheat  the  air  for 
cjmbustion  by  exposing  it  to  the  temperature  of  the  hot  products  of 
combustion  passing  to  the  stack. 

A  good  many  devices  for  mixing  the  gas  and  air  consist  simply  of 
two  concentric  pipes,  one  for  air  and  one  for  gas.  In  Fig.  69  we  have 
a  gas  pipe  a,  an  air  pipe  6,  a  collar,  c;  d  is  the  opening  of  the  gas  pipe, 
€  the  flue,  /  the  hearth,  g  the  front  plate  of  the  furnace,  g^  the  back  plate, 
i  the  connection  to  the  gas  line,  A:  the  connection  to  the  air  line,     b  can 
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be  turned  around  its  axis  between  the  flanges  m  and  n  in  order  to  give 
the  flame  the  desired  angle  toward  the  hearth. 

For  a  downward  direction  of  the  flame,  the  burner  shown  in  Fig. 
70  is  very  practicable;  b  is  the  air,  a  is  the  gas  pipe. 

The  manner  in  which  gas  and  air  meet  is  of  great  importance  for 
proper  combustion.  By  a  suitable  arrangement  of  the  gas  and  air 
channels  a  long  or  short  flame  can  Ik"  produced.  If  air  and  gas  are  brought 
together  at  right  angles  Fig.  71  a  rapid,  concentrated  combustion  is 
effected.     For  every  gas  channel  there  is  a  correspondmg  air  channel 
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The  arrangement  shown  in  Fig.  72  effects  a  more  rapid  combustion 
as  the  gas  rises  toward  the  horizontal  air  current.  The  air,  on  account 
of  its  higher  specific  gravity,  rapidly  mixes  with  the  gas. 

If  the  currents  of  gas  and  air  are  carried  parallel  into  the  furnace, 
the  combination  of  gas  and  air  is  gradual  and  a  long  flame  is  the  result. 
Fig.  73.     The  flame  is  shortened  if  gas  and  air  enter  at  an  angle  Fig,  74. 

Another  method  is  shown  in  Fig.  75.  The  air  enters  through  slit  I 
and  the  gas  is  blown  through,  drawing  along  a  sufficient  amount  of  Mr 
from  I.    Gas  and  air  meet  in  m  and  are  burned  in  v. 

The  small  furnace.^  used  in  the  metal  industries  for  tempering  and 
annealing  are  still  generally  heated  by  illuminating  gas  or  other  rich  gases. 
However,  they  can  also  l}e  usetl  for  producer  gas,  if  the  gas  and  air  have 
a  sufficiently  high  pressure.  The  temperature  obtained  increases  with 
the  pressure. 
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In  order  to  obtain  the  highest  economy  in  gas-fired  furnaces  where 
high  temperatures  are  to  be  reached,  successful  use  may  be  made  of  the 
principle  of  regeneration,  i.e.,  of  storing  the  waste  heat  in  regenerators 
(heat  storers  consisting  of  chambers  filled  with  firebrick  checker  work). 
It  is  evident  that  the  gas  and  air  currents  must  travel  in  a  direction 
opposite  to  that  of  the  products  of  combustion,  if  it  is  desired  to  transfer 


Fio.  72.  Fig.  73. 

the  sensible  heat  of  the  waste  gases  to  the  incoming  gas  and  air.  It 
follows  that  a  regenerative  furnace  consists  of  two  symmetrical  parts,  the 
axis  of  each  going  through  the  reversing  mechanism.  Each  part  consists 
of  an  air  regenerator  and  a  gas  regenerator  or  of  an  air  regenerator  only. 

The  two  air  regenerators  are  connected  by  means  of  a  reversing 
valve.    Also  the  two  gas  rcKenerators. 

Fig.  76  shows  the  plan  of  a  r^enerator  system,  hk  are  the  air,  k'h' 
the  gas  regenerators,  a  the  «r,  a'  the  gas-reversing  valve,  c  the  gas  main, 


Fio.  74.  Pig.  75. 

b  the  opening  for  the  air  for  combustion,  a  the  stack.  At  the  position 
of  the  valves  shown  air  and  gas  travel  to  the  left,  combine  in  the  flue 
above  e,  pass  as  flame  over  the  hearth  through  the  right-side  regenerators 
and  valves  and  leave  through  d. 

For  comparison  of  direct  firing  with  gas  firing  we  show  in  Fig.  77 
a  directly  fired  furnace  and  in  Fig.  78  the  same  type  of  furnace  after 
its  transformation  to  gas  firing.     First  of  all,  we  note  the  more  convenient 
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way  of  charging  the  fuel  to  the  gas-fired  furnace,  the  fuel  being  charged 
through  a  door  t  on  top,  while  with  direct  firing  the  fuel  has  to  be  thrown 
in  through  the  front  door.  The  grate  r  carries  in  the  first  case  a  low 
bed  of  fuel  and  complete  combustion  to  carbon  dioxide  takes  place.  In 
the  second  construction  (gas  fire)  the  grate  carries  a  high  bed  of  fuel 
and  the  efiFective  gas  is  carbon  monoxide. 

In  the  first  type  of  furnace  the  products  of  complete  combustion 
heat  the  hearth  and  escape  through  the  stack,  in  the  second  type  the 
complete  combustion  takes  place  at  the  hearth,  just  where  it  is  wanted, 
and  the  heat  stored  in  the  firebrick  work  below  the  hearth  is  utilized 
for  preheating  the  air  for  combustion,  passing  through  a  flue  I  provided 
for  this  purpose.  This  comparison  shows  the  greater  convenience  and 
higher  economy  of  gas  firing. 

Gasification.  The  generation  of  producer  gas  is  based  upon  ''gasi- 
fication," i.e.,  the  transformation  of  the  free  carbon  of  the  fuel  into 
carbon  monoxide,  and  it  is  easily  understood  that  for  this  process  a  fuel 
containing  the  largest  amount  of  carbon  and  the  smallest  amount  of 
volatile  matters  will  be  most  desirable.  Such  fuels  as  anthracite,  char- 
coal and  coke,  however,  though  easily  transformed  into  a  gas  free  of  tar, 
are  too  expensive  to  be  used  in  the  big  industries,  which  are  forced  to  use 
bituminous  coal,  wood  and  lignite. 

In  small  producer  plants,  especially  in  connection  with  gas-power 
plants,  the  higher  price  of  anthracite  is  outweighed  by  its  greater  con- 
venience. But  even  here  conditions  are  changing  and  the  use  of  bitu- 
minuous  fuels  is  being  slowly  but  surely  introduced. 

The  gasification  of  the  carbon  in  the  producer  is  effected  in  such  a 
manner  that  the  carbon  is  first  burned  to  carbon  dioxide,  the  latter  being 
then  reduced  to  carbon  monoxide  by  contact  with  additional  carbon. 
Hence,  carbon  monoxide  is  the  essential  component  of  producer  gas. 
The  perfect  reduction  of  dioxide  to  monoxide  takes  place,  theoretically, 
at  a  minimum  temperature  of  1000°  C,  which  is  easily  produced  by 
combustion  to  carbon  dioxide.  At  lower  temperatures  part  of  the  dioxide 
is  not  reduced,  the  formation  of  the  monoxide  stopping  entirely  at  about 
450°  C. 

Height  of  Fuel  Bed.  The  height  of  the  fuel  bed  in  producers  nec- 
essary for  complete  reduction  varies  with  the  quality  of  the  fuels  used. 
Dusty  fuels  require  less  height  than  coarse,  loose,  fuels.  The  proper 
height  for  1-in.  coke  is  30  in.;  for  Ij-in.  coke,  45  in.;  for  2i-in.  coke, 
72  in.;  for  |-in.  bituminous  coal,  22  in.  are  sufficient;  for  run  of  mine, 
60  in.  to  80  m. 

With  bituminous  fuels  too  high  a  fuel  layer  is  not  to  be  used,  as  this 
causes  an  increased  formation  of  tar  and  soot,  for  the  volatile  matters  and 
the  moisture  escape  from  the  higher  zones  before  the  fuel  reaches  the 
incandescent  zone  of  reduction.  The  higher  the  temperature  of  the  upper 
layers,  the  thinner  will  be  the  tar  produced  and  the  more  hydrogen  and 


108  INDUSTRIAL  CHEMISTRY 

methane  will  be  found  in  the  gas.  The  two  latter  components  increase 
the  thermal  eflSciency,  but  the  tar,  together  with  the  soot,  are  disagreeable 
impurities  of  the  gas,  more  so  if  the  gas  is  cooled  before  its  use. 

As  stated  above,  a  temperature  of  not  less  then  1000°  C.  is  required 
for  complete  formation  of  carbon  monoxide.  If  considerably  higher 
temperatures  are  applied,  the  disadvantages  will  be  found  to  outweigh 
the  advantages,  as  by  such  high  temperatures  the  firebrick  lining  is 
rapidly  destroyed  and  the  ashes  of  the  fuel  always  obtained  as  molten 
slag. 

Such  slag  formations  occur  with  various  grades  of  fuels,  depending 
upon  the  composition  of  the  ash,  at  higher  or  lower  temperatures.  In 
the  latter  case  it  can  only  be  avoided  at  the  expense  of  the  gas  production. 
Here  the  addition  of  water  to  the  gasifying  air  is  a  simple  remedy,  which, 
at  the  same  time,  increases  the  thermal  value  of  the  gas  and  the  effi- 
ciency of  the  producer,  simultaneously  cooling  the  grates  of  the  producer. 

Water  in  Gasification.  Incandescent  coal  decomposes  water  into  its 
elements.  The  hydrogen  formed  enriches  the  gas  and  the  oxygen  com- 
bines with  the  carbon  to  carbon  dioxide  or  monoxide,  according  to  the 
prevailing  temperature.  The  formation  of  monoxide  by  the  decompo- 
sition of  water  is  most  complete  at  a  temperature  of  1000°  C,  while  at 
lower  temperatures  more  and  more  carbon  dioxide  is  produced.  In 
practice,  however,  it  is  impossible  to  decompose  all  the  water  contained 
in  the  gasifying  air.  One  part  goes  always  unchanged  through  the 
producer  and  increases  the  moisture  content  of  the  gas.  If  this  moisture 
is  present  in  the  gas  during  its  combustion  it  has  a  heat-consuming  effect 
and  decreases  the  temperature  of  combustion. 

Hence,  no  water  is  to  be  added  for  the  gasification  of  fuels  rich  in 
water,  and  some  fuels  require  even  drying,  if  with  the  gas  produced  a 
somewhat  high  temperature  is  to  be  reached.  It  is  also  evident  that  the 
temperature  of  the  gas  leaving  the  producer  decreases  with  the  tem- 
perature of  the  producer  and  with  the  increasing  amoimt  of  heat  which 
is  disposible  for  degasification  and  evaporation. 

If,  for  instance,  in  the  gasification  of  dry  bituminous  coal  the  temper- 
ature of  the  gas  leaving  the  producer  is  600°  to  800°  C,  a  temperature 
of  only  400°  to  500°  C.  will  be  observ^ed  if  water  is  added. 

Of  great  importance  is  the  question:  How  much  water  may  be 
advantageously  added?  Fuels  with  a  large  percentage  of  volatile  matters 
can  stand  only  a  small  addition  of  water,  as,  during  their  degasification, 
much  water  is  formed.  If  such  fuel  is  also  very  moist,  the  result  may 
be  a  non-combustible  gas. 

The  amount  of  water  added  must  be  regulated  so  that  the  walls  of 
the  producer  do  not  suffer  by  the  heat  and  that,  as  much  as  possible, 
the  formation  of  liquid  slag  is  avoided. 

In  gasifying  pure  carbon  1  kg.  of  water  may  be  added  to  4.5  cu. 
meters  of  cold  gasifying  air  without  causing  any  loss  of  heat  and  as  for 
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gasifying  1  kg.  of  carbon  about  4.5  cu.  meters  of  air  are  required,  the 
upper  limit  of  the  addition  of  water  is  about  1  kg.  to  1  kg.  of  carbon. 

If  the  air  of  combustion  and  the  water  added  are  preheated  the 
quantity  of  the  latter  may  be  increased  and  may  reach  at  550°  C.  double 
the  amount  mentioned  above.  This  explains  why  in  practical  gasifi- 
cation of  coke,  which  is  practically  pure  carbon,  300  to  400  grams  of 
water  are  added  per  cubic  meter  of  air  if  a  gas  rich  in  hydrogen  is  to 
be  produced. 

In  gasifying  bituminous  coal  for  the  production  of  a  gas  not  too 
rich  in  hydrogen,  150  to  200^  grams  of  water  are  taken  per  cubic  meter 
of  air.  From  a  theoretical  point  of  view,  however,  a  somewhat  larger 
addition  of  water  is  nearly  harmless,  so  far  as  the  utilization  of  the  fuel 
is  concerned.  It  is  true  that  in  such  a  case  a  larger  quantity  of  carbon 
dioxide  will  remain  unreduced,  but  with  the  increased  quantity  of  decom- 
posed water,  also  more  pure  oxygen  will  get  into  the  producer.  Hence, 
less  gasifying  air  is  required,  which  means  a  decrease  of  the  nitrogen  con- 
tent of  the  gas  produced. 

^  The  composition  of  producer  gas  varies  a  great  deal.  Under  normal 
conditions,  if  a  good  grade  of  fuel  is  used  and  the  operation  properly 
carried  out,  the  gas  will  contain  about  25  per  cent  of  carbon  monoxide. 
If  the  producer  gets  very  hot,  caused  by  the  total  or  nearly  total 
absence  of  water,  the  content  of  carbon  monoxide  may  be  up  to  30-31 
per  cent. 

The  second  combustible  component  of  producer  gas  is  hydrogen, 
varjring  in  quantity  between  8  to  14  per  cent.  However,  the  hydrogen 
content  may  be  even  higher  or  lower,  depending  upon  the  moisture  of 
the  gasifying  air  and  other  conditions.  Some  factory  managers  are 
afraid  of  too  high  a  content  of  hydrogen  and  believe  that  it  does  harm 
to  the  firebrick  and  affects  the  finished  product  disadvantageously. 

So  far,  however,  continued  operations  with  producer  gas  from  peat, 
which  is  rich  in  hydrogen,  have  been  and  are  being  carried  out  successfully; 
the  harm — ^if  any — done  must  be  due  to  some  other  cause,  probably  to 
the  moisture  of  the  gas,  which  causes  decomposition  of  and  recomposition 
to  water,  thereby  effecting  numerous  disagreeable  complications.  Accord- 
ingly a  gas  rich  in  hydrogen  would  have  to  behave  differently,  when  cooled 
(dried)  before  its  use  or  when  used  hot. 

That  the  hydrogen  cannot  be  the  only  cause  of  the  above-mentioned 
complications  (sudden  rise  of  temperature)  is  shown  by  the  fact  that 
carbon  monoxide  in  combustion,  though  not  yielding  as  many  thermal 
units  as  hydrogen,  produces  a  higher  temperature.  Hence,  a  gas,  which 
on  accoimt  of  its  high  content  on  hydrogen,  has  a  higher  thermal  value 
as  compared  with  others,  may  be  equivalent  to  the  latter,  as  far  as  the 
temperature  of  combustion  is  concerned. 

There  is  a  certain  relation  between  the  percentage  of  carbon  dioxide  j 

and  the  percentage  of  carbon  monoxide  and  hydrogen.    That  it  is  not 
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always  of  advantage  to  get  a  gas  with  the  lowest  possible  content  of 
carbon  dioxide  we  can  see  from  the  fact  that  at  dry  gasification,  where 
very  little  dioxide  is  formed,  the  efficiency  of  the  producer  is  much  lower, 
as  with  a  large  addition  of  water. 

On  the  other  hand,  the  content  on  dioxide  is  also  influenced  by  the 
nature  of  the  fuel,  as  with  low  melting  slag  the  temperature  must  be 
kept  so  low  that  the  complete  transformation  of  dioxide  into  monoxide 
is  prevented.  Some  grades  of  coal,  therefore,  will  only  difficultly  be 
gasified  at  reasonable  economy  if  the  formation  of  slag  is  not  taken  into 
consideration  and  if  the  producers  are  aot  constructed  to  suit  these 
conditions.  As  a  rule  the  carbon  dioxide  should  not  go  above  3  or  4 
per  cent. 

The  methane  gets  into  the  producer  gas  from  the  products  of  decom- 
position of  the  volatile  matters.  The  quantity  of  methane  varies  from 
1  to  3  per  cent  and  depends  upon  the  temperature  of  degasification. 
The  heavier  hydrocarbons  are  also  sometimes  found  in  traces  if  the 
temperature  of  degasification  is  very  high. 

If  the  tarry  compounds  of  the  gas  are  decomposed  in  the  producer, 
the  composition  of  the  gas  is  changed,  the  percentage  of  carbon  dioxide 
and  hydrogen  is  decreased,  of  the  monoxide  increased.  As  the  hydro- 
carbons have  a  high  thermal  value  their  presence  is  desirable,  especially 
if  high  temperatures  are  to  be  reached. 

Some  oxygen  is  also  generally  present  in  producer  gas.  Leaks  and 
holes  in  the  fire  are  mostly  the  causes  of  its  presence.  The  rest  of  the 
gas  is  nitrogen,  which,  at  dry  gasification  amounts  to  60  per  cent,  at 
moist  gasification  to  about  50  per  cent. 
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Sources  of  Power.  Fuel  and  water  power  are  the  two  general 
sources  of  power.  The  heat  from  the  fuel  produces  steam  from  water 
in  a  steam  boiler,  and  from  the  expansion  of  this  steam  through  the 
use  of  a  steam  engine  or  "steam  turbine  "  mechanical  power  is  obtained. 
In  the  utilization  of  the  power  of  a  water-fall  the  transfer  of  energy  is 
more  direct,  the  force  of  the  water  against  the  buckets  on  the  rim  of 
a  wheel  furnishing  the  driving  force  for  the 
shaft  of  this  wheel.  The  principles  involved 
in  the  production  of  power  from  these  two 
sources  will  be  outlined  and  discussed. 

Steam  Boilers.  Steam  boilers  may  be 
divided  into  two  general  classes:  fire-tube 
boilers,  in  which  the  hot  ga^es  from  the  fire 
pass  through  a  series  of  tubes  surrounded 
by  water,  and  water-tube  boilers,  in  which 
the  water  is  in  tubes  and  the  hot  gases  cir- 
culate around  the  tubes.  The  latter  cost 
more,  but  are  less  liable  to  explode,  and  the 
steam  pressure  can  be  obtained  in  a  shorter 
time.  Small  vertical  boilers  are  used,  chiefly 
for  portable  work;  but  their  efficiency  is  low,  j.-^^  -g 

and  the  steam  pressure  variable  under  heavy 

load.     The  lai^er  sizes  of  vertical   boilers  are  used  where  floor  space  b 
limited  and  where  there  is  plenty  of  overhead  room. 

Horizontal  Water-tube  Boilers.  A  general  view  of  a  horizontal 
water-tube  boiler  is  shown  in  Fig.  79.  A  general  idea  of  the  cost  of 
steam  boilers  is  given  in  Fig.  80.  The  average  efficiency  of  steam  boilers 
is  about  60  per  cent,  and  under  the  best  conditions  of  actual  practice 
it  may  rise  as  high  as  75  per  cent:  that  is,  about  40  per  cent  of  the 
heat  units  produced  by  the  combustion  of  the  fuel  go  up  the  smokestack 
in  heating  the  waste  gases.  A  small  proportion  of  the  loss  is  due  to 
radiation  of  heat  from  the  boiler.     With  crude  oil  for  fuel,  the  efficiency 
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of  some  steam  boilers  is  increased  about  5  per  cent.  With  low  grades  of 
coal  mechanical  draft  may  be  used  to  advantage,  whereby  a  fan  driven 
by  a  small  engine  or  motor  forces  the  air  through  the  fire.    This  takes 


~ 

Sn 

u« 

B>L 

lU 

' 

s 

' 

^ 

_ 

P>1 

^ 

IJL 

■* 

r^ 

r*^ 

-- 

' 

^ 

^ 

' 

'' 

^ 

^ 

* 

• 

StJ 

«G 

+ 

;« 

<«.<4 

CM 

« 

1^ 

-, 

:l 

-^ 

y> 

1 

^ 

-$ 

" 

s 

' 

^ 

1^ 

^ 

'- 

^ 

"^^ 

3 

' 

^ 

^ 

^ 

i 

^- 

4, 

? 

^ 

^ 

' 

^ 

"' 

^ 

— 

' 

"* 

"*■ 

H» 

:s 

the  place  of  a  very  tall  chimney,  and  gives  more  complete  combustion. 

Mechanical  draft,  where  the  cost  for  the  foundation  is  great,  frequently 

Is  used  in  place  of  an  expensive  chimney. 

Steam  Engines.  Steam  is  taken  from  the  boiler  through  iron  pipes 
to  the  cylinder  of  the  steam 
engine,  shown  in  Fig.  81.  The 
steam  expanding  here  forces  the 
piston  back  and  forth,  the  input 
of  the  steam  being  controlled  by 
an  automatically  operated  valve. 
The  piston  rod,  being  attached 
to  the  main  shaft  of  the  engine, 
produces  a  continuous  rotation 
of  the  shaft. 
F'<J  81-  Steam   Turbines.      Another 

method    of  applying  steam  has 

been  developed  in  the  steam  turbine-      In  this,  steam,  flowing  at  a  high 

velocity,  strikes  a  large  number  of  vanes  or  blades,  thus  drivii^  the 
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shaft  at  a  radius  depending  upon  the  diameter  of  the  turbine  wheel. 
A  steam  turbme  necessarily  runs  at  a  high  speed,  on  account  of  the 
high  velocity  of  the  steam.  On  account  of  the  higher  speed  of  steam 
turbines,  they  take  less  space  as  a  rule  than  the  ordinary  reciprocating 
steam  engines.  The  high  speed,  however,  makes  them  unadapted  in 
some  instances  for  running  slow-speed  machinery,  except  through 
electrical  transmission  of  the  power.  Referring  to  Fig.  82,  it  will  be 
noticed  that  the  efficiencies  of  steam  turbines  and  of  good  reciprocating 
engines  are  about  the  same.    There  are  many  special  cases  where  steam 
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Fig.  82. 


turbines  can  be  used  to  great  advantage  in  manufacturing  plants;  such 
as  using  live  steam  from  a  high-pressure  boiler  for  cooking  certain  raw 
materials,  when  in  place  of  a  *' reducing  valve"  a  low-pressure  turbine 
may  be  employed,  thas  making  a  saving  in  mechanical  power. 

Cost  of  Engines  and  Turbines.  The  general  cost  of  different  types 
of  steam  engines,  and  of  steam  turbines  is  given  on  Fig.  80.  It  will 
be  noticed  that  slow-speed  machinery  costs  more  than  high-speed 
machinery.  For  a  given  output  the  higher  speed  has  less  size  and 
weight.  The  difference  between  "simple  engines,''  "compound  non- 
condensing,"  and  "compound  condensing"  engines  consists  in  more 
expensive  auxiliaries,  which  increase  the  first  cost  for  the  compound 
condensing  engines.    A  higher  efficiency,  however,  is  obtained  for  the 
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compound  condensing  engines,  due  to  the  low  consumption  of  coal  per 
horse-power.  In  figuring  the  cost  of  a  power  plant,  using  either  steam 
engines  or  steam  turbines,  the  cost  of  the  auxiliary  apparatus,  such  as 

piping,  feed- water  heaters,  etc.,  must 
be  taken  into  account.  These 
auxiliaries  vary  so  widely  in  differ- 
ent power  plants  that  accurate 
figures  cannot  be  given.  The  cost 
curves  in  this  chapter  are  for  general 
comparisons  only,  and  to  give  an 
idea  of  the  relative  costs  involved. 
The  eflSciency  of  a  steam  engine  or 
steam  turbine  varies  with  the  load 
applied,  as  can  be  seen  from  Fig.  83. 
It  is  good  practice  to  keep  each  unit 
or  engine  in  the  power  station  as  near  full  load  as  possible  throughout  the 
day,  rather  than  to  have  all  of  the  engines  of  the  station  running  imder 
partial  load. 


yknaffhn  cf  e/pc/e/icy 

Wi'fk 

chan^f  of  /sad 
(raktn/sr  //SHP  infm^) 

'  th  109  ISO 

Fig.  83. 


Fig.  84. 

The  boiler  horse-power  may  not  be  the  same  as  the  engine  horse- 
power of  the  plant.  The  horse-power  used  in  plotting  the  curves  in 
these  figures  means  brake  horse-power  (B.H.P.),  that  is,  the  actual  power 
obtained   from  the  shaft  of  the  steam  engine;    whereas  the  boiler  horse- 


POWER  AND  POWER  TRANSMISSION  115 

power  is  a  rating  depending  upon  the  ability  of  the  boiler  to  produce 
steam.     One  lx>iler  horse-power  means  the  evaporation  of  34,5  lbs.  of 
water  per  hour  at  atmospheric  pressure.     The  amount  of  steam  required 
per  brake  horse  power  per  hour  varies  with  the  type  of  engine,  the  cheaper 
engines  requiring  more  steam.     A  small  simple  non-condensing  engine 
requires  about  50  lbs.   of  steam  per  brake   horse-power  per  hour,  and 
the   very  best   compound  condensing  engine,   running  under  the  most 
favorable  conditions,  takes  about  10  lbs.  of  steam.     The  relative  amount 
of  steam  required  for  each  type  of  engine  can  be  determined  from  the 
curves    on   Fig.  84,  which   show  eflEciency  and   fuel    consumption.     In 
general,   the   boiler  horse-power 
required  for  the  average  steam 
pressures  used  can  be  determined 
by  dividing  the  total  horse-power 
of  the  engine,  multiplied  by  the 
steam  consumption  for  that  par- 
ticular type,  by  34.5,  and  adding 
from   5   to  10  per  cent  to   the 
result   obtained.     For   example, 
a  lai^e  city  lighting  plant  using 
compound     condensing    engines 
might  take  17  lbs.  of  steam  per 
brake  horse-power  per  hour,  and 
the  boiler  horse-power   required 
in    that    case    would    be    about 
one-half,  plus  10  per  cent,  boiler 
horse-power  for  each  engine  horse- 
power.    A  boiler  is  supposed  to 
develop  at  least  one-third  more 
power  than  its  rating.     In  com- 
paring  two   different  makes   of  Fio,  gs. 
boilers,  the  efficiency  of  the  boilers 

should  be  taken  into  account,  as  the  lower  priced  boiler  may  have  such 
a  low  efficiency  as  to  more  than  offset  any  difference  in  cowt. 

Gas  Producer  Plants.  Within  the  past  few  years  a  new  type  of  power 
plant  has  been  developed,  called  the  "gas-producer"  plant.  The  coal,  in 
place  of  being  burned  directly,  as  in  the  case  of  the  steam  boiler,  is  heated 
so  that  the  combustible  gases  are  driven  off.  These  gases  are  conveyed  to 
"  gas  engines,"  '  where  the  gas  is  exploded  in  the  cylinder ;  the  action  being 
the  same  as  the  gasoline  explosion  in  the  cylinder  of  a  gasoline  engine. 
Thb  method  of  getting  the  energj'  from  the  coal  secures  a  higher  efficiency, 
one  horse-power  per  hour  being  obtained  by  the  combustion  of  li  lbs. 
of  coal ;  whereas  for  a  steam  plant  of  the  same  capacity,  from  2  to  4  lbs.  of 
coal  per  brake  horse-power  per  hour  are  required.  In  Germany,  where  the 
'  Sheffield  Gas  Power  Co. 
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cost  of  fuel  is  such  an  importaQt  item  to  the  manufacturer,  gas-producer 
plants  of  all  sizes  have  been  developed  to  a  very  high  degree  of  efficiency. 
In  this  country  there  is  an  increasing  development  of  this  type ;  so  that  the 
future  production  of  power  from  coal  may  be  lai^ly  through  the  use  of 
the  gas-producer  plant. 

A  general  idea  of  the  construction  of  a  gas-producer  b  given  in  Chap.V 
and  of  a  gas  engine  in  Figs.  85  and  86.  The  cost  of  gas  producers  depends 
somewhat  upon  the  type  and  nature  of  the  fuel  to  be  used,  varj-ing  from 
about  S14.50  per  horse-power  for  use  with  good  anthracite  coal  about 
123  for  lignite  and  bituminous  coal.  Special  equipment  for  taking  care 
of  the  by-products  accounts  for  the  extra  coat  for  the  lower  grades  of  fuel. 
The  cost  connected  with  gas-pro<lucer  plants  can  be  determined  in  general 
from  the  curves  in  Fig.  87;  the  relative  efficiencies  and  fuel  consump- 
tions are  given  in  Figs.  82  and  84. 


Fio.  88. 

Small  Special  Power  Plants.  Gasoline  engines  have  been  developed 
that  give  very  satisfactory  service  for  small  isolated  plants,  supplying 
power  for  lights  and  for  driving  machinery  requiring  a  few  horse-power. 
Denatured  and  wood  alcohol  are  also  coming  into  use  as  fuel,  and  will 
probably  find  more  extensive  application  in  the  future. 

Water  Turbines.  The  power  of  water-falls  is  inarle  use  of  by  means  of 
water-wheels  or  water-turbines.  The  old  form  of  water-wheel  consisted 
of  a  large  wheel,  usually  made  of  wood,  with  buckets  on  the  outside  rim; 
the  water  flowing  into  these  buckets  forced  the  wheel  around  by  its  weight. 
In  another  form  the  water  was  made  to  flow  over  the  top'  of  the  wheel,  the 
power  being  derivetl  from  the  force  of  the  water  combined  with  its  weight. 
This  is  known  a«  the  "  overshot "  wheel.  A  third  form,  the  "  undershot " 
wheel,  has  water  carried  to  the  bottom  of  the  wheel  through  a  narrow  out- 
let, the  impulse  of  the  moving  water  forcing  the  wheel  around.  Modem 
water-turbines  have  been  developed,  using  also  the  principle  of  "reaction." 
The  water,  flowing  into  a  bucket  and  rushing  out  again,  produces  a  force 
in  a  direction  opposite  to  the  water  moving  away  from  the  wheel.    A 
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cubic  foot  of  water  weighs  62.5  lbs.,  and  this  weight  acting  through  1  ft. 
corresponds  to  62.5  ft.-lbs.;  33,000  ft.-lbs.  per  minute  is  equal  to  one 
horse-power.  Consequently  the  theoretical  horse-power  of  a  water-fall  is 
determined  by  the  effective  height  of  the  fall  and  by  the  number  of  cubic 
feet  of  water  per  minute  flowing  over  the  fall.  The  actual  power  deliv- 
ered at  the  shaft  of  a  water-turbine  depends  upon  the  size  and  type  of  the 
turbine.  The  general  efficiency  curves  are  given  in  Fig.  83.  It  will  be 
seen  that  from  15  to  35  per  cent  of  the  power  of  a  water-fall  is  wasted 
through  inefficiency  of  water-turbines. 

Turbines  in  general  may  be  divided  into  two  classes:  "low  head"  for 
use  up  to  about  200  ft.  of  fall,  and  "high  head*'  for  higher  falL 
Less  than  30  ft.  may  be 
called  a  very  low  head. 
High-head  turbines  have 
been  employed  in  moun- 
tainous districts  in  falls  of 
over  2000  ft.  The  number 
of  cubic  feet  of  flow  of 
water  per  minute  in  such 
cases  is  comparatively 
smalL  The  cost  of  water- 
turbines  and  auxiliary  equip- 
ment varies  so  widely,  with 
particular  conditions,  that 
nothing  but  the  general 
figures  of  Fig.  87  can  be 
given.  Low-head  turbines 
produce  slow  speed,  and 
hence  demand  heavier  ma- 
chinery with  consequent 
greater  cost.  The  spec;!  of 
a  water-turbine  is  controlled 
by  a  piece  of  apparatus 
called  a  "water-wheel  gov- 
ernor," that  automatically 

operates  the  gates  or  valves  that  control  the  amount  of  water  admitted  to 
the  turbine.  This  device  keeps  the  speed  very  nearly  constant,  about 
2  per  cent  variation,  from  no  load  to  full  load. 

Transmission  of  Power.  In  some  plants  the  power  of  the  water-turbine 
shaft  is  utilized  directly  at  the  water-fall,  such  as  Mrith  the  grinders  used  in 
certain  pulp-mills;  but  in  most  cases  the  power  is  used  at  a  distance  from 
the  water-fall,  and  must  be  transmitted  to  a  town  or  city  where  the  man- 
ufacturing plants  are  located.  For  very  short  distances  the  power  can  be 
transmitted  by  means  of  belts  and  shafting,  but  for  the  longer  distances 
the  power  must  be  transmitted  electrically.    With  a  reasonably  high  head 


Fig.  87. 
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of  water  compressed-air  systems  may  be  used  economically  for  a  trans- 
mission of  several  hundred  feet.  A  simple  form  of  compressed-air 
plant  operates  on  the  principle  of  the  Bunsen  filter  pump,  the  running 
water  taking  in  air  and  conveying  it  to  a  chamber  under  pressure. 

Electric  Transmission.  In  order  to  transmit  power  electrically  the 
steam  engine,  gas  engine,  or  water-turbine  furnishes  the  power  to  drive  the 
electric  generators  that  convert  mechanical  energy  into  electrical  energ:>'. 
An  electric  generator  or  "dynamo"  develops  an  electrical  pressure,  and 
this  pressure  causes  an  ** electric  current'*  to  flow  in  an  electrical  conductor 
in  much  the  same  way  that  a  pump  produces  a  pressure  in  a  water-works 
system.  In  an  electric  circuit  the  pressure  is  measured  in  "volts"  by  an 
instrument  called  a  "voltmeter."  The  current  flowing  in  the  wire  is 
measured  in  "amperes"  by  an  instrument  called  an  "ammeter."  The 
electrical  resistance  in  the  wire  corresponding  to  the  friction  in  the  water- 
pipe,  is  measured  in  "ohms."  The  smaller  the  pipe  the  more  the  friction 
to  the  flowing  water,  and  the  smaller  the  electrical  conductor  the  greater 
the  electrical  resistance.  The  electrical  resistance  decreases  directly  as 
the  area  of  the  cross-section  increases,  and  increases  directly  with  the 
length  of  the  conductor.  Glass,  rubber  and  air  are  such  poor  conductors 
that  they  are  called  "insulators." 

Calculations  for  an  Electric  Circuit.  A  simple  law  gives  the  relation 
between  electrical  pressure,  current,  and  resistance.     The  current   (in 

amperes)  =  —  .  ^         ;• — r~~T-    For  example:  a  16  candle-power,  110-volt 
^       ^     resistance  (m  ohms)  ^  ^ 

incandescent  carbon  lamp  has  220  ohms  resistance,  the  current  flowing 

^       110     1 
through  the  carbon  filament  is  then  o^o^"^  ampere.     The  light  does  not 

consume  this  current  any  more  than  a  water-power  station  consumes  the 
water  of  the  river,  for  the  reason  that  as  much  water  flows  away  from  the 
station  as  flows  to  it.  In  the  case  of  the  incandescent  lamp  this  one-half 
ampere  flowing  through  the  carbon  resistance  or  filament,  at  the  very  high 
velocity  of  light,  produces  enough  molecular  friction  to  bring  the  filament 
to  a  white  heat.  From  the  above  formula  it  will  be  noticed  that  the 
higher  the  resistance  of  the  circuit  the  less  the  current  that  flows.  The 
power  of  a  water-fall  is  proportional  to  the  height  of  the  fall  times  the 
amount  of  water  flowing  over  the  fall.  With  twice  the  volume  of  water  the 
power  of  the  fall  is  doubled.  The  same  is  true  if  the  height  of  the  fall 
could  be  doubled.  A  similar  general  principle  appears  in  an  electric  cir- 
cuit— the  pressure  in  volts  times  the  current  in  amperes  gives  the  power 
directly  in  "watts";  746  watts  equals  one  horse-power,  and  1000  watts 
equals  1  **  kilowatt."  In  the  case  of  the  incandescent  lamp  referred  to 
above,  volts  times  amperes -llOXW  55  watts.     Each  light  taking  55 

746 
watts  means  that  one  horse-power  will  supply  vT  =  13  incandescent  carbon 

00 

lights  of  16  candle-power.    A  kilowatt  would  therefore  furnish  power  for 
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about  18  lights.    Where  electrical  energy  costs  16  cents  a  "kilowatt- 
hour,"  it  means  a  cost  of  about  one  cent  an  hour  for  each  16  candle-power 
light.     A  32  candle-power  carbon  light  requires  110  watts,  and  an  8  candle- 
power  light  about  28  watts.     The  tungsten  incandescent  lamps  take  about 
one-third  the  number  of  watts  for  the  same  candle-power  as  the  carbon 
lights,  but  cost  about  three  times  as  much.     The  saving  per  month  in  the 
electric  light  bill  more  than  offsets  the  greater  first  cost  of  the  lamps. 
The  tungsten  lamp  furnishes  a  better  quality  of  light  than  the  carbon  lamp. 
Static  Electricity.  The  difference  between  what  is  called  '^static  elec- 
tricity" and  the  electricity  used    for   electric  lighting    and  power  pur- 
poses is  that  the  former  has  a  very  high  pressure  with  very  little  cur- 
rent.    Static  electricity  may  be  compared  to  a  water-fall  several  thousand 
feet  high  with  a  column  of  falling  water  the  size  of  a  silk  thread.     The 
electricity  from  batteries  or  from  electric  generators  with  low  pressure  and 
comparatively  large  current  corresponds  to  a  water-fall  short  in  height  and 
with  large  volume  of  water. 

Magnetism.  The  electric  current,  forced  through  coils  of  conducting 
material,  produces  magnetism,  and  this  property  of  the  current  is  utilized 
practically  in  all  forms  of  electrical  apparatus  and  machinery.  Some 
materials  are  "magnetic'*  and  others  are  not,  iron  and  nickel  being  exam- 
ples of  the  former,  while  copper,  brass,  air  and  wood  belong  to  the  lattet 
class.  The  magnetic  force  developed  depends  directly  upon  the  producr 
of  the  number  of  turns  of  wire  in  the  coil  (shown  in  Fig.  89)  and  the  current 
flowing  in  the  coil,  this  product  being  technically  known  as  the  **  ampere- 
turns."  The  quantity  of  magnetism  produced  by  the  current  passing 
through  the  coil  of  wire  decreases  directly  with  the  increase  of  the  mean 
length  of  the  magnetic  path.  The  mean  length  of  the  magnetic  path 
is  indicated  in  Fig.  89.  Curves  are  given  in  Fig.  83  showing  the  rel- 
ative magnetic  qualities  of  iron  and  steel,  and  indicating  the  number  of 
ampere-turns  required  in  the  coil  for  a  given  length  of  magnetic  circuit  of 
iron  or  steel,  in  order  to  produce  a  given  magnetic  density.  These  mag- 
netic densities  for  electrical  machinery  vary  from  5000  to  8000  lines  of 
magnetic  force  in  cast  iron  per  square  centimeter,  and  from  8000  to  16,000 
per  square  centimeter  for  magnetic  cast  steel.  Magnetism  may  be  con- 
sidered as  consisting  of  lines  of  force  extending  from  the  north  to  the  south 
pole  of  the  magnet,  the  intensity  of  the  magnetism  being  measured  in  so 
many  lines  of  force  per  unit  area.  The  ampere-turns  required  to  drive  the 
magnetism  of  a  given  density  through  the  air-gap  in  a  magnetic  circuit  can 
be  found  by  dividing  the  magnetic  density  in  the  air-gap  by  1.257,  and  mul- 
tiplying the  result  by  the  total  length  of  the  air-gap  measured  in  centi- 
meters. The  total  number  of  ampere-turns  required  for  a  given  magnetic 
circuit,  consisting  of  an  iron  or  steel  frame,  with  part  of  the  path  of  the 
magnetism  through  air,  is  the  sum  of  the  ampere-turns  for  the  iron  portion 
of  the  circuit  plus  those  required  for  the  air  portion  of  the  circuit.  These 
ampere-turns  may  consist  of  a  large  number  of  turns  of  wire  with  a  small 
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current  passing  through  the  wire,  or  a  small  number  of  turns  and  a  corre- 
spondingly large  current. 

The  Electric  Generator.  Electrical  power  obtained  from  batteries,  with 
chemical  action  as  the  source  of  energy,  is  too  costly  where  a  large  amount 
of  power  is  required.  When  the  power  required  is  small,  such  as  for  elec- 
tric bells  and  telegraph  circuits,  this  method  of  production  is  very  satis- 
factory. Where  power  is  required  on  a  large  scale  the  cheaper  method  of 
securing  electrical  energy  through  magnetism  is  utilized.  Referring  to  Fig. 
88,  if  the  copper  conductor  is  passed  through  the  magnetic  lines  of  force 
between  the  north  and  south  poles  of  the  magnet  shown,  in  the  direction 
indicated  by  the  arrow,  an  electrical  pressure  will  be  produced  lengthwise 
in  the  conductor.  It  takes  no  mechanical  pressure  to  move  the  conductor 
through  the  magnetic  lines  of  force.  This  electrical  pressilre  produces 
no  current  in  the  conductor  unless  the  two  ends  of  the  conductor  are  con- 
nected in  continuous  circuit,  and  there  is  no  power  involved  unless  a  cur- 

armeture 
anductbr 


Fig.  88. 


Fig.  89. 


rent  flows.  If  to  the  two  ends  of  this  conductor  moving  in  the  magnetic 
field  a  circuit  is  connected,  the  current  will  flow  in  the  direction  away  from 
the  observer,  as  indicated  by  the  +  in  the  end  of  the  conductor  representing 
the  tail  of  an  arrow  going  in  the  direction  of  the  current.  If  the  conductor 
is  moved  in  a  direction  through  the  magnetic  field  opposite  to  the  direction 
indicated  by  the  arrow  of  the  figure,  the  electrical  pressure  produced  will 
drive  the  current  in  the  opposite  direction.  This  action  of  the  conductor 
moving  in  a  magnetic  field  may  be  called  a  mechanical  method  for  produc- 
ing an  electrical  pressure.  It  is  the  simplest  form  of  an  electric  generator  or 
'*  dynamo.'* 

The  Alternating-current  Generator.  If,  instead  of  moving  the  con- 
ductor back  and  forth  in  a  magnetic  field,  a  rotary  motion  is  obtained  from 
a  revolving  shaft,  the  conductor  can  be  placed  on  a  drum,  or  "armature," 
as  indicated  in  Fig.  89.  The  maximum  electrical  pressure  is  generated  when 
the  magnetic  lines  of  force  are  cut  at  right  angles,  positions  (fe)  and  (d),  and 
no  pressure  or  voltage  is  developed  when  the  conductor  is  moving  parallel  to 
the  lines  of  magnetic  force  in  positions  (a)  and  (c).  The  electrical  pressure 
produced  by  one  revolution  of  the  drum  carrying  the  conductor  is  shown  by 
the  curve  in  Fig.  90.  This  is  called  an  "alternating  pressure,"  and  the 
current  resulting  from  this  pressure  is  alternating.     On  the  opposite  sides 
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of  the  annature  the  pressure  reverses  its  direction,  because  the  conductor 
passes  in  the  opposite  direction  through  the  magnetic  lines  of  force.  The 
complete  curve  from  (a)  to  (a)  is  called  a  "cycle,"  and  the  number  of 
cycles  per  second  is  known  as  the  "frequency"  of  the  circuit:  for  instance, 
a  60-cycle  alternating  current  has  60  positive  and  60  negative  loops  in  one 
second.  This  is  the  standard  frequency  used  for  alternating-current  light- 
ing purposes.  The  carbon  filament  of  the  incandescent  lamp  tends  to  cool 
off  when  the  alternating  current  falls  to  zero,  but  the  change  is  so  rapid 
with  60  cycles  that  the  filament  has  not  time  to  cool  off,  and  no  flickering  is 
noticed  in  the  light.  With  less  than  30  cycles  some  variation  in  the  light 
may  be  noticed,  and  for  this  reason  low  frequency  for  lighting  purposes  is 
to  be  avoided.  If  an  alternating-current  generator  has  four  magnetic  poles 
in  place  of  two,  there  will  be  two  cycles  for  each  revolution  of  the  arma- 
ture. When  the  magnetic  poles  are  revolved  and  the  conductors  made 
stationary,  the  electrical  pressure  is  developed  by  the  lines  of  magnetic 
force  cutting   the   conductors,  such  a  generator  being  known  as  the 
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*'  revolving  field "  type.  An  alternating-current  generator  requires  unvary- 
ing magnetism  in  the  pole  pieces,  and  a  comparatively  small  direct- 
current  generator,  called  an  "  exciter,"  furnishes  the  current  to  produce 
this  magnetism. 

If  two  conductors  are  placed  on  the  armature  in  a  loop,  as  shown  in 
Fig.  91,  the  conductors  are  said  to  be  "in  series,"  and  the  pressure  of  one 
conductor  adds  to  that  of  the  other.  The  electrical  pressure  developed 
depends  directly  upon  the  number  of  conductors  in  series,  the  total  number 
of  magnetic  lines  of  force  cut,  and  upon  the  speed  of  the  conductors. 
Increase  any  one  of  these  three  items  and  the  voltage  increases  in  propor- 
tion. For  a  given  speed,  and  with  equal  magnetic  conditions,  a  550  volt 
generator  has  five  times  as  many  conductors  on  the  armature  as  a  110  volt 
generator.  A  low-speed  machine  will  have  more  conductors  than  a  high- 
speed machine  of  the  same  voltage.  To  keep  the  electrical  pressure  as  uni- 
form as  possible  the  speed  of  an  electric  generator,  by  means  of  the  governor 
of  the  steam  engine,  is  kept  constant,  independent  of  the  load.  In  order 
to  conduct  the  electrical  pressure  from  the  revolving  conductors  to  the  two 
stationary  wires  "slip  rings,"  or  "collector  rings,"  are  used,  as  shown  in 
Fig.  91.     The  two  ends  of  the  coil  of  wire  on  the  drum  are  connected  to 
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two  copper  rings  fastened  to  the  shaft,  but  insulated  from  it,  and  carbon 
brushes  touching  these  revolving  rings  carry  current  to  the  outside  circuit. 
A  circuit  having  two  wires  running  from  the  source  of  alternating  pressure 
is  known  as  a  "single-phase"  alternating-current  circuit. 

The  Direct  Current  Generator.  To  get  an  electrical  pressure  that  is 
constant,  from  which  a  continuous  and  unvarying  current  can  be  obtained 
rather  than  an  alternating  current,  a  device  called  a  "commutator"  or 
"rectifier"  takes  the  place  of  the  slip  rings,  allowing  the  current  to  flow 
from  the  generator  in  one  direction  only  as  indicated  by  the  straight  line  of 
electrical  pressure  in  Fig.  90.  The  simplest  form  of  commutator  is  shown 
in  Fig.  92.  This  consists  of  two  arcs  of  metal,  with  mica  between  them, 
upon  which  the  stationary  brushes  rest.  It  can  be  seen  that  as  the  com- 
mutator revolves  the  upper  brush  always  touches  the  commutator  seg- 
ment connected  to  the  conductor  in  front  of  the  N  pole,  so  that  the  current 
flowing  in  the  upper  brush  will  always  pass  in  one  direction.  This  throws 
the  lower  or  negative  wave  of  the  alternating  curve  Fig.  90  on  the  upper 
side  of  the  horizontal  line,  and  the  pressure,  although  changing  in  intensity 
or  "pulsating,"  does  not  reverse  its  direction;   as  shown  in  the  curves 
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a,  fe,  c,  d,  etc..  Fig.  93.  With  a  large  number  of  conductors  or  coils  of 
wire  on  the  armature,  and  with  a  corresponding  increase  in  the  number  of 
commutator  segments,  there  is  developed  a  large  number  of  individual 
voltages,  a,  6,  c,  rf,  etc.,  each  producing  a  maximum  electrical  pressure  at  a 
different  instant,  as  indicated  in  Fig.  93.  These  turns  of  wire  are  so  placed 
on  the  armature  and  connected  to  the  commutator  segments  that  they  add 
their  voltages:  and  the  sum  of  all  these  individual  pulsating  pressures 
give  practically  an  imvarying  voltage  between  the  brushes.  The  sparks 
sometimes  seen  at  the  surface  of  contact  between  the  stationary  brushes 
and  the  moving  commutator  have  nothing  whatever  to  do  with  the  genera- 
tion of  the  electrical  pressure:  their  presence  indicates  defective  design 
of  the  machine.  This  form  of  generator  is  known  as  the  direct-current 
generator,  and  is  the  one  necessary  to  use  for  electro-chemical  work  of 
the  electrolysis  type,  and  for  storing  energy  in  "storage  batteries;"  as 
well  as  being  appropriate  for  lighting  purposes  and  for  driving  electric 
motors. 

A  direct-current  generator  furnishing  its  own  magnetism  is  called  a 
"  self-excited  "   generator.     The   pressure   of   the   generator   drives   the 
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current  through  the  coils  on  the  electro-magnet  marked  "  shunt  field 
coils  "  in  Figs.  94,  95,  and  96.  After  the  generator  has  been  once  used  a 
certain  portion  of  the  magnetism  remains  in  the  magnet,  after  the  current 
in  the  coils  is  turned  off,  and  is  known  as  '*  residual  magnetism."  This  is 
used  to  build  up  the  necessary  magnetic  field  when  the  generator  is 
used  again.  The  voltage  of  a  generator  can  be  varied  through  the  use 
of  a  variable  resistance  known  as  a  **  field  rheostat,''  Fig.  94  or  95.  By 
putting  more  resistance  in  the  shunt  field  circuit  the  current  decreases 
in  these  coils,  thus  decreasing  the  magnetism  and  therefore  the  voltage. 
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The  two  forms  of  direct-current  generators  in  common  use  are  the 
"  shunt "  and  the  "  compound  "  generators.  The  electrical  pressure 
of  the  former  is  considerably  less  at  full  load  than  with  a  small  load,  due 
to  the  resistance  of  the  armature  coils,  which  cause  a  drop  in  electrical 
pressure  that  increases  directly  as  the  current  flowing.  On  account  of 
this  variation  of  pressure  according  to  the  load  the  shunt  generator  is 
limited  in  its  use  to  charging  storage  batteries,  and  for  certain  electro- 
chemical processes  where  a  reasonable  variation  of  voltage  is  not  objection- 
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Fig.  97. 


able.  An  electrical  diagram  is  given  in  Fig.  94.  For  incandescent  lighting 
and  for  driving  electric  motors  as  small  a  variation  as  possible  in  electrical 
pressure  is  desired.  The  compound  generator  keeps  the  voltage  up  as  the 
current  or  load  increases,  by  having  a  few  additional  turns  of  wire  around 
the  magnet  frame  that  are  in  series  with  the  armature  (**  series  field  coils  ")• 
This  is  indicated  in  Fig.  96,  and  also  shown  in  the  electrical  diagram,  Fig. 
95.  The  current  in  the  outside  circuit  increases  with  the  load,  and  there- 
fore the  magnetism  increases  due  to  the  series  field  coils,  which  increases 
the  voltage  accordingly.     The  voltage  can  in  this  way  not  only  be  kept 
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practically  constant  with  a  vaiying  load,  but  can  be  increased  with  the 
load  by  adding  more  series  field  turns.  The  compound  generator  is  the 
one  used  almost  universally  in  power  plants  supplying  direct  current. 

The  Electric  Motor.  In  order  to  convert  electrical  energy  into  mechan- 
ical energy  for  driving  machinery,  an  "  electric  motor  "  must  be  used. 
A  motor  is  similar  in  general  construction  to  an  electric  generator.  An 
electro-magnet  forms  the  frame  of  the  machine,  and  the  revolving  drum 
or  armature  is  identical  in  construction  with  the  armature  of  a  generator. 
Fig.  97  gives  the  simplest  form  of  an  electric  motor.  A  conductor  on 
the  right-hand  side  of  the  drum,  and  with  a  current  passing  through  it, 
is  forced  out  of  the  magnetic  field  in  the  direction  indicated  by  the  arrow. 
If  the  current  is  made  to  flow  in  the  conductor  in  the  opposite  direction 
the  mechanical  force  will  be  downward  in  place  of  upward,  as  shown  on 
the  left-hand  side  of  the  armature.  This .  fundamental  principle  of  a 
conductor,  with  a  current  passing  through  it,  being  forced  out  of  a 
magnetic  field  is  the  basis  upon  which  all  electric  motors  operate.  The 
turning  force  of  the  motor  is  increased  by  having  a  larger  number  of 
conductors  on  the  circumference  of  the  armature.  The  current  gets 
into  the  revolving  conductors  in  the  same  way  as  in  the  generator, 
through  the  stationary  brushes  resting  on  the  revolving  commutator. 
The  motor  being  similar  in  mechanical  construction  to  the  generator,  an 
electric  motor  can  in  general  be  used  as  a  generator,  by  supplying 
mechanical  power  to  the  pulley  and  taking  electrical  energy  from  the 
armature. 

Electrical  measuring  instruments  use  the  same  fundamental  principle 
in  their  operation  as  electric  motors,  and  are  practically  small  electric 
motors.  The  direction  of  deflection  of  the  needle  of  an  electrical  measur- 
ing instrument,  or  the  direction  of  rotation  of  the  armature  of  a  motor, 
can  be  changed  by  reversing  the  direction  of  the  current  in  the  armature. 

This  principle  of  the  electric  motor  also  explains  why  the  output  of  a 
generator  increases  directly  with  the  increase  of  current,  with  a  given 

electrical  pressure   (volts X amperes = watts). 

fUftiu  The    greater  the  number   of    incandescent 

\jM€€mf0*f^i  A  A  A  A  A       lights  turned  on  in  parallel.  Fig.  98,  the  less 
1  /MMit%»t  WW  V       the  resistance  of  the  circuit  as  a  whole,  and 

rss^0^it»  the  greater  the  current;    each    16    candle- 

power    light    adding    one-half    an    ampere 
to   the    current    in   the   main    circuit    and 
^^'  ^8.  generator   armature.      This   current  in  the 

conductors  on  the  armature  of  the  genera- 
tor, in  the  magnetic  field,  tends,  according  to  this  motor  action,  to 
drive  the  armature  of  the  generator  in  opposition  to  the  prime  mover. 
The  greater  the  number  of  incandescent  lights  turned  on  the  more  steam 
required  for  the  engine  to  keep  the  generator  armature  at  the  constant 
speed  which  is  required  to  give  a  constant  voltage.     With  no  lights  turned 
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on  there  is  no  current  in  the  armature  of  the  generator,  and  being  no 
current  there  is  no  turning  force  acting  in  opposition  to  the  steam  engine, 
except  the  mechanical  friction  of  the  bearings  and  brushes;  this  being 
known  as  the  condition  of  no  load  previously  referred  to. 

Electric  Heating  and  Electric  Furnaces.  After  the  power  is  trans- 
DQitted  electrically  it  may  be  converted  into  mechanical  energy  by  means 
of  an  electric  motor,  or  it  may  be  used  directly  to  produce  heat  or  to 
change  chemical  compounds  into  other  compounds  or  break  them  up  into 
elements — electric  lighting  and  electric  furnace  work  being  examples 
of  the  former,  and  electrolysis  of  the  latter.  Why  heat  is  produced  by  an 
electric  current  flowing  through  matter,  or  why  the  electric  current  has 
this  chemical  effect  on  compoimds,  is  not  known;  it  is  known,  however, 
that  the  quantity  of  heat  produced  depends  upon  the  square  of  the  cur- 
rent times  the  resistance  of  the  conductor.  In  the  case  of  the  incandescent 
light  with  a  current  of  i  ampere  and  a  resistance  of  220  ohms,  the 
quantity  of  heat  produced  is  represented  by  the  square  of  i  multiplied 
bj''  220.  This  gives  55  watts.  The  same  result  is  obtained  by  multiply- 
ing the  volts  by  the  amperes.  The  incandescent  light  is  a  simple  resistance 
furnace,  the  manufacture  of  carborundum  being  an  example  of  this 
type  of  furnace  on  a  larger  scale.  The  ordinary  arc  light  is  another  form 
of  electric  furnace,  in  which  the  conductor  consists  of  carbon  particles 
or  vapor  in  place  of  a  solid  conductor,  the  calcium  carbide  furnace  being  an 
example  of  this  type  on  a  larger  scale.  An  electric  arc  has  an  electrical 
back  pressure  produced  in  the  arc,  so  that  the  simple  fundamental  law 

volts 

amperes =-T —  does  not  hold  true  for  an  arc  furnace.     The  back  pressure 

^  ohms  ^ 

in  an  electric  arc  varies  with  the  material  used  for  the  solid  conductors 

at  the  ends  of  the  arc.     For  carbon  terminals,  and  material  used  in  arc 

furnaces,  this  back  pressure  is  about  from  30  to  40  volts,  so  that  it  is 

impossible  to  operate  an  arc  furnace  at  an  electrical  pressure  less  than  this 

voltage.     For  instance,  50  volts  is  applied  to  an  electric  arc  furnace,  giving 

2000  amperes  flowing  through  the  furnace;  the  actual  electrical  resistance 

of  the  fiunace,  assuming  the  electrical  back  pressure  to  be  35  volts,  will  be 

50-35     ^^^^^     ,       /voltage  .^        \      mi  ...... 

9  mo  ~  Q'QQ75  ohms  I 7= resistance  I.     The   power  put  mto  this 

furnace  is  the  pressure  applied  times  the  current  flowing  =  50X2000  = 
100,000  watts  =100  kilowatts,  so  that  the  generator  supplying  this  power 
would  need  to  be  of  100  kilowatt  capacity,  and  of  50  volts  pressure.  Either 
direct-current  or  alternating-current  furnaces  can  be  used;  and  the  same 
is  true  for  simple  resistance  furnaces,  an  incandescent  lamp,  of  course, 
working  the  same  on  an  alternating-current  as  on  a  direct-current  circuit. 
The  voltage  used  for  a  simple  resistance  furnace,  such  as  in  the  manu- 
facture of  carborundum,  depends  upon  the  length  and  area  of  cross- 
section  of  the  path  of  the  current,  and  upon  the  nature  of  the  material 
through  which  the  current  passes.     About  80  volts  is  the  pressure  applied 
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to  the  carborundum  furnace  after  it  gets  to  its  full  temperature.     A  100 

100  000 
kilowatt  furnace  would  have  — ^- — =1250  amperes  flowing  through  it. 

The  heating  effect  of  the  current  passing  through  a  conductor  is  made 
use  of  in  electric  cooking  and  electric  heating  apparatus.  Such  apparatus 
consists  usually  of  a  metallic  frame  in  which  coils  of  wire  (copper,  iron,  or 
German  silver,),  are  embedded  in  enamel,  that  protects  the  coils  as  well 
as  insulating  them.  The  length  and  cross-section  of  this  wire  offers  the 
resistance  that,  with  a  given  electrical  pressure,  allows  the  quantity  of 
current  to  flow  so  as  to  produce  the  temperature  required.  The  cleanli- 
ness and  convenience  of  electric  cooking  and  heating  apparatus  for  many 
purposes  oflfset  the  increase  in  cost  of  their  operation.  An  electric  heater 
converts  all  of  the  electrical  energy  into  heat.  The  loss  is  not  in  the 
heater  itself,  but  in  the  inefficient  methods  of  changing  the  energy  of  the 
fuel  into  electrical  energy.  This  is  indicated  in  the  diagram  of  losses. 
Fig.  99.  It  will  be  seen  that  from  5  to  6  per  cent  only  of  the  energy  of 
the  fuel  is  available  for  distribution  to  the  electric  heaters,  and  hence  it 
pays  to  obtain  the  heat  from  the  fuel  directly.  Also  it  will  be  noticed 
that  a  large  proportion  of  the  heat  units  of  the  fuel  are  wasted  in  the 
exhaust  steam  from  the  engine,  and  it  is  for  this  reason  that  it  pays  to 
use  the  exhaust  steam  from  the  engines  of  the  power  house  for  heating 
purposes,  wherever  possible.  Water-power  plants  do  not,  in  general,  pro- 
duce electric  energy  at  a  much  lower  cost  than  steam  plants,  because  the 
interest  on  the  capital  invested  in  the  necessary  water-power  improve- 
ments frequently  offsets  the  cost  of  coal  for  the  steam  plant.  Water- 
power  development,  however,  is  a  better  financial  proposition  in  many 
parts  of  the  country  where  the  price  of  coal  is  high. 

In  a  motor  or  generator  the  heating  effect  of  the  electric  current  is 
of  disadvantage,  as  it  limits  the  output.  The  full  load  current  of  either 
a  generator  or  motor  brings  the  conductors  on  the  armature  to  about 
40°  C.  above  the  surrounding  air.  Beyond  this  temperature  the  cotton 
insulation  around  the  conductors  deteriorates.  Over  25  per  cent  over- 
load current  will  char  the  insulation,  and  the  armature  will  bum  out 
and  must  be  rewound.  Care  must  be  taken. that  the  load  applied 
to  either  a  generator  or  motor  does  exceed  full-load  current.  To  guard 
against  excessive  currents  due  to  either  accident  or  overload,  a  "  fuse  " 
is  placed  in  series  with  each  wire.  These  fuses  consist  of  strips  of  soft 
metal  that  melt  or  *'  blow  "  when  too  large  a  current  flows,  thus  opening 
the  circuit  so  that  no  more  current  can  flow.  All  generators  and  motors 
are  protected  by  fuses,  and  in  many  cases  also  by  "  circuit  breakers  '* 
(mechanical  devices  for  opening  the  circuit). 

Losses  in  Electrical  Transmission.  The  higher  the  electrical  pressure 
used  in  transmitting  a  given  amount  of  power  the  less  will  be  the  current 
flowing  in  the  wire,  and  consequently  the  loss  of  energy  by  the  heat  pro- 
duced by  the  current  will  be  diminished.     The  current  also  causes  a 
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drop  in  electrical  pressure  along  the  wire,  that  is  equal  to  the  current 
times  the  resistance  of  the  wire.  The  electrical  pressure  at  the  end  of  a 
transmission  line  is  therefore  less  than  it  is  at  the  power  house, 
the     allowable    drop    in    standard    transmission    systems   being  from 
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5  to  10  per  cent  of  the  voltage  used  in  transmitting  the  power.  It  is 
thus  necessary  to  have  either  a  small  current  or  a  small  resistance  in 
the  wire  in  order  to  reduce  the  loss  in  heat  and  drop  in  pressure  to  a  min- 
imxmi.    A  small  resistance  requires  a  large  cross-section  of  copper,  which 
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makes  the  first  cost  of  the  copper  wire  excessive.  Hence  a  high  potential 
with  its  corresponding  small  current  is  essential.  In  order,  therefore,  to 
reduce  the  outlay  of  capital  for 
the  transmission  line  high  volt- 
ages are  used  for  long-distance 
power  transmission. 

Transformers.  Of  the  two 
systems,  alternating  and  direct 
current,  the  alternating  cur- 
rent is  used  almost  entirely 
for  long-distance  power  trans- 
Some  special  systems  in  Europe  are  exceptions  to  this 
general  rale.  We  have  no  economical  means  of  converting  a  high  direct- 
current  voltage  to  a  low  direct-current  voltage,  which  is  needed  after 
the  power  b  transmitted.  Whereas  an  alternating  pressure  can  readily 
be  changed  from  a  higher  to  a  lower  pressure  by  means  of  what  is  called 
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Fig.  100. 


a  "  transformer."  The  operation  of  a  transformer  is  based  upon  the  well- 
known  fact  that  whenever  magnetism  changes  within  a  coil  of  wire  an 
electrical  pressure  is  produced  in  the  coil.  Referring  to  Fig.  100,  coil  A 
is  wound  around  an  iron  core,  and  having  2000  volts  alternating  pressure 
applied  to  this  coil  the  resulting  alternatii^  current  produces  an  alternating 
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magnetism  in  the  iron  core  and  within  coil  B.  This  changing  magnetism 
within  coil  B  produces  an  alternating  electrical  pressure  at  the  terminals 
of  the  coil  that  is  directly  proportional  to  the  number  of  turns  of  wire 
in  the  coil.  With  double  the  number  of  turns  in  coil  B,  the  elec- 
trical pressure  of  that  coil  is  doubled.  There  is  no  limit  to  the  voltage  that 
can  be  obtained  from  this  secondary  coil,  B,  except  that  there  is  a  practical 
limit  to  the  insulation  that  will  withstand  the  strain  of  a  very  high  voltage. 
An  electrical  pressure  of  138,500  volts  is  the  highest  voltage  in  continuous 
use  at  present.  A  high  voltage  from  the  secondary  does  not  mean  an 
increase  of  power,  because  power  is  equal  to  volts  times  amperes,  and  the 
power  output  of  a  transformer  cannot,  of  course,  be  greater  than  the 


Fig.  102. 

power  input;  so  that  a  high  voltage  means  a  correspondingly  low  current 
in  the  coil.  When  used  to  change  from  a  low  to  a  high  alternating  pres- 
sure the  transformer  is  known  as  a  "  step-up  "  transformer,  and  when  used 
to  pass  from  a  high  to  a  low  pressure  is  called  a  **  step-down  "  transformer. 
Such  a  piece  of  apparatus  as  this  has  about  98  per  cent  efficiency  at 
full  load,  and  costs  from  $2  to  $8  per  kilowatt  capacity,  Fig.  101. 
There  being  no  moving  parts  in  a  transformer  no  regular  attendance  is 
required  on  the  part  of  an  operator.  To  get  from  one  direct-current 
voltage  to  another  it  is  necessary  to  use  a  direct-current  motor  driving 
a  direct-current  generator  giving  the  desired  voltage;  this  combination 
being  called  a  "  motor-generator  "  set,  and  costing  from  $15  to  $25  per 
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kilowatt  capacity,  with  an  efficiency  of  from  75  to  85  per  cent.  To  get 
from  an  alternating  pressure  to  a  direct-current  pressure  a  motor-generator 
set  can  be  used;  that  is,  an  alternating-current  motor  in  this  case  driving  a 
direct-current  generator.  A  "  rotary  converter  '*  may  be  used  for  this  pur- 
pose also,  the  same  being  an  alternating-current  motor  and  a  direct-current 
generator  combined  in  one  machine.  The  first  cost  is  somewhat  less  in 
this  case  than  for  a  motor-generator  set,  and  the  efficiency  is  about  10 
per  cent  higher  (Figs.  102  and  103).  Rotary  converters  are  used  at  the 
delivering  end  of  a  power  transmission  line  for  obtaining  the  550  volts 
usually  employed  for  street  railway   systems,   and   for   getting   direct 
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current  for  certain  electro-chemical  industries.  A  simple  sketch  of  a 
high-voltage  transmission  system  is  shown  in  Fig.  104,  the  alternating- 
current  generator's  voltage  of  about  2200  volts  being  transformed  up  to 
33,000  volts,  and  at  the  delivering  end  of  the  line.  The  pressure  is  re- 
duced to  30,000  volts  on  account  of  the  drop  in  pressure  along  the  wires. 
This  is  transformed  to  550  volts,  and  the  550  volts  drives  an  alternating- 
current  motor  which  is  connected  to  a  direct-current  generator  giving  110 
volts,  or  whatever  direct-current  pressure  is  desired:  upon  the  same  line 
another  transformer  may  supply  110  volts  alternating  pressure  for  lights. 
Pol3rphase  Systems.  The  alternating-current  system  is  the  standard 
for  power  transmission  in  this  country.     To  save  in  copper  for  trans- 
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mission  liaes,  and  to  decrease  the  first  cost  of  electrical  machinery,  what 
are  known  as  "  polyphase ''  systems  (two-  or  three-phase)  have  been 
developed.  The  ordinary  two-wire  alternating-current  circuit  is  what  is 
called  a  single-phase  circuit,  one  voltage  being  obtained  between  the 
two  wires.  A  "two-phase"  circuit  has  two  difTerent  voltages — one 
developed  by  coil  A  on  the  annature  of  the  simple  generator  shown  in  Fig. 
105,  and  the  other  developed  by  coil  B  on  the  armature.  These  two 
voltages  A  and  B  are  each  single-phase  voltages,  but  differ  in  that  the  volt- 
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age  of  £  is  at  a  maximum  when  the  voltage  of  A  is  zero,  and  vice  versa; 
that  is,  the  voltage  of  B  is  90°  ahead  of  that  of  A.  If  in  place  of  four 
wires  coming  from  the  generator,  each  carrying  a  current  of  100  amperes, 
coils  A  and  B  are  connected  together  as  shown  in  Fig.  106,  the  result- 
ant current  flowing  in  the  middle  wire  X  is  equal  to  the  diagonal  of  the 
square  (the  current  of  phase  A  being  90°  from  current  in  phase  S),  and 

in  actual  value  equal  to  ^2X100  amperes.  In  other  words,  in  place  of 
having  two  wires  each  carrying  100  amperes,  one  wire  can  be  used  carry- 
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Fig.  105. 


Fig.  106. 


ing  141  amperes,  requiring  less  cross-section  of  copper  conductor,  and 
therefore  less  cost  for  the  wire.  This  combination  of  currents  differing  in 
phase  from  one  another,  giving  less  current  in  one  wire  than  in  two  separate 
wires,  is  the  reason  in  general  why  polyphase  systems  require  less  copper  in 
the  transmission  wires  as  well  as  in  the  armatures  of  generators  and  motors. 
A  three-phase  circuit  has  three  different  voltages,  each  120°  from  the 
other,  as  indicated  in  Figs.  107  and  108,  the  three  coils  being  connected 
together  so  as  to  use  three  wires  running  from  the  generator  in  place  of  six, 
the  combination  of  currents  120°  apart  reducing  still  more  the  neces- 
sary cross-section  of  the  copper  wire.     The  three  coils  in  three-phase  motors 
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are  placed  in  the  same  relative  positiona  as  indicated  on  the  armature  of  the 
generator.  For  power  transmission  three-phase  is  the  standard  system, 
although  the  two-phase  system  is  simpler  in  construction.  To  get  the 
maximum  output  of  a  polyphase  generator  the  system  should  be  "  bal- 
anced ";  that  is,  eaeh  coil  of  the  generator  armature  should  have  the  same 
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Fig.  107. 

power  output  and  equal  current.  If  one  phase  has  more  current  than  the 
others  that  winding  may  be  burned  out  in  order  to  get  the  full  rated  output 
of  the  generator,  with  the  other  two  phases  underloaded:  so  that  in  prac- 
tice it  is  planned  to  keep  the  system  as  nearly  balanced  as  possible.  Single- 
phase  can  -be  obtained  from  any  polyphase  circuit,  from  any  two  of  the 


Fia.  108. 

wires,  such  as  for  lighting  incandescent  lights.  In  this  case  an  equal 
number  of  lights  should  be  placed  between  each  two  of  the  three  wires  of 
the  three-phase  system,  in  order  to  keep  the  system  balanced. 

Power  in  Altemating-cmTent  Circuits.  The  power  output  of  a  sii^e- 
phase  generator  is  =  voltsXamperesX"  power-factor,"  For  incandes- 
cent lights  the  power  factor  is   1.00,  and  for  the  most  common  type  of 
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alternating-current  motors  the  power-factor  is  given  in  Fig.  103.  With 
a  mixed  load  of  lights  and  motors,  the  power-factor  will  vary,  depending 
upon  the  relative  proportion  of  the  power  for  the  motors  and  for  the  lights. 
With  lighting  transformers  at  the  average  load,  the  power-factor  is  about 
0.96,  and  for  "  induction  motors  "  alone  about  0.80  as  a  conservative 
figure  for  the  average  loads  met  with  in  practice.  Within  these  limits 
will  be  found  the  power-factor  for  most  transmission  systems.  For  a  two- 
phase  three-wire  system  the  power  is  =  \/2X  volts  (between  the  center  and 
outside  wire)  X  amperes  in  the  middle  wire  X  power-factor.  The  current 
in  either  outside  wire  is  the  current  in  thee  enter  wire  divided  by  the\/2, 
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Fig.  109 

for  a  balanced  system.  For  a  three-phase  system  the  power  =v3X volts 
between  any  two  of  the  three  wires  Xthe  current  flowing  in  any  one  of  the 
three  wires  X  power-factor. 

Size  of  Wire  Required  for  a  Given  Electric  Motor.  The  following 
problem  will  give  a  general  idea  of  how  to  calculate  the  size  of  wire  neces- 
sary to  run  to  a  motor  of  given  output. 

It  is  desired  to  install  a  100  horse-power,  550-volt  motor  in  a  mill  for 
driving  the  main-line  shafting.  Assuming  the  efficiency  of  the  motor  to 
be  91-5  per  cent,  (A)  What  size  of  wire  will  be  required  if  the  motor  is  to 
be  a  direct-current  motor?  (B)  What  size  of  wire  will  be  required  if  the 
motor  is  to  be  a  three-phase  induction  motor,  assuming  a  power-factor  of 
0.94  at  full  load? 
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(A)  100  horse-power  =  100X746  =  74,600  watts.    Power  in  a  direct 

7A  AAA 

current   circuit = pressure X current  =  74,600 ;    current  =  FFnTTT^ff  Zn  q\r\ 

=  148  amperes.  So  that  each  of  the  two  wires  must  carry  148  amperes; 
and  this,  according  to  the  insurance  regulations,  requires  a  number  00 
wire,  as  shown  by  the  table  at  the  end  of  this  chapter  (rubber-covered  wire, 
interior  use). 

(B)  If  a  three-phase  motor:  74.600=  v^3X volts X amperes X power- 
factor  =  v^3  X  550  X  current  X  0.90;  so  that  the  current  in  each  of  the  three 

.       .  74,000 ^^  ...  ^,    ^ 

wires  IS  =  — - — =  91  amperes;  which  means  that  run- 

^  3X550X0.94X0.915  (eflf.) 

ning  to  the  motor  there  must  be  three  No.  2  wires  (as  found  from  the  table 
at  the  end  of  this  chapter).  A  100  horse-power  motor  is  supposed  to  deliver 
100  horse-power;  the  wires  must  carry  the  power  lost  in  the  motor  as  well 
as  the  power  delivered,  hence  the  eflSciency  is  put  into  the  denominator  of 
the  above  equations.  It  will  be  noticed,  from  the  wire  table,  that  three 
No.  2  wires  weigh  less  than  two  No.  00,  for  a  given  distance;  so 
that  there  is  less  cost  for  the  wires  running  to  the  three-phase  alternating- 
current  motor  than  for  the  direct-current  motor.  Any  number  of  motors 
may  be  placed  on  the  same  circuit  (in  parallel),  the  total  horse-power 
of  the  motors  in  that  case  being  used  in  the  calculations  for  finding  the 
necessary  size  of  wire. 

In  finding  the  size  of  wire  for  a  given  number  of  incandescent  lights, 
the  length  of  wire  for  a  long  mill  or  factory  may'be  so  great  as  to  give  more 
than  2  per  cent  drop  in  voltage  along  the  wires,  for  the  size  required  by 
insurance  regulations  for  a  given  current.  In  this  case,  either  larger  wire 
should  be  used  to  decrease  the  voltage  drop,  or  lower  voltage  lights  ought 
to  be  used  at  the  part  of  the  line  farther  away  from  the  generator.  Incan- 
descent lights  for  this  purpose  can  be  purchased  for  different  voltages, 
such  as  from  100  to  120  volts,  their  rated  voltage  being  required  to  give 
the  full  candle  power  of  the  lamp.  To  get  the  drop  in  electrical  pressure 
in  volts,  multiply  the  current  flowing  in  the  wire  by  the  resistance  of  the 
wire  to  and  from  the  lights,  the  resistance  of  the  wire  for  a  given  size  being 
found  from  the  table.  A  general  rule  to  keep  in  mind  for  all  cases  is  that 
the  most  economical  size  of  conductor  is  the  one  with  such  a  resistance  that 
the  cost  of  the  power  lost  in  heat  is  equal  to  the  interest  on  the  original 
cost  of  the  conductor. 

Types  of  Electric  Motors.  Where  the  power  transmitted  is  to  be  con- 
verted into  mechanical  power  by  means  of  electric  motors,  it  is  essential  to 
have  at  least  a  general  knowledge  of  the  diflferent  types  of  motors.  Alter- 
nating-current motors  get  their  power  directly  from  transformers  at  the 
delivering  end  of  the  transmission  line.  Direct-current  motors  must  be 
used  on  direct-current  systems.  Direct-current  power  can  be  obtained 
from  an  alternating-current  system  through  the  use  of  a  rotary  converter 
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changing  from  the  alternating-  to  the  direct-current  system.     Electric 
motors  may  be  classified  as  follows: 

Althrnating-current  Motors 


Induction  Motors 

1  -  Slight  variation  in  speed  from  no 
load  to  full  load. 

2.  Two-  and  three-phase  induction 
motors  are  self-starting,  with 
reasonable  load. 

3-  For  small  sizes,  particularly  up  to 
about  100  horse-power,  the  in- 
duction motor  is  the  alternating 
motor  used  almost  universally. 

4.  Induction  motors  are  simple  in 
their  construction  and  opera- 
tion, and  require  only  a  simple 
starting  device. 


Synchronous  Motors 

1.  Run  at  perfectly  constant  speed 

from  no  load  to  full  load. 

2.  Not  self-starting;  some  auxiliary 

means  must  be  used  to  get  the 
synchronous  motor  at  full 
speed  before  the  electrical  pres- 
sure is  applied  to  the  armature. 

3.  Used   in   large   sizes  where   the 

motor  is  to  run  more  or  less 
continuously. 

4.  In  general,  the  synchronous  mo- 

tor is  an  alternating-current 
generator  operated  as  a  motor, 
requiring  a  small  direct-current 
generator,  called  an  exciter,  to 
supply  the  constant  magnetism 


Direct-current  Motors 


1. 
2, 


Shuni  Motors 

Slight  variation  in  speed  from  no 
load  to  full  load. 

This  motor  is  used  in  almost 
every  case  where  nearly  con- 
stant speed  is  required,  such  as 
for  driving  the  main-line  shaft- 
ing in  factories,  etc. 


Compound  Motors 

1.  Greater  variation  in  speed  than 

in  the  shunt  motor,  but  giving  a 
greater  driving  force.  Used  in 
cases  where  sudden  overload 
comes  on  the  motor,  such  as  for 
running  a  press,  for  punching 
steel,  also  where  a  very  heavy 
starting  force  is  required. 

2.  Cost  about  the  same  as  shunt 

motors. 


Both  shunt  and  compound  motors  may  be  used  as  generators,  the 
compound  machine  giving  a  constant,  or  a  slight  increase,  of  voltage  with 
increase  of  load,  and  the  shunt  generator  giving  considerable  decrease  in 
voltage  with  increase  of  load.  For  direct-current  lighting  systems,  as  well 
as  for  driving  motors  requiring  constant  voltage  near  the  power  station, 
compound  generators  should  be  purchased;  shunt  generators  are  used  only 
for  special  purposes.  For  distances  beyond  several  hundred  feet  an  alterna- 
ting current  system  of  2200  volts  or  more  should  be  installed  to  keep  the 
cost  of  the  copper  wires  within  a  reasonable  figure,  and  transformers  used 
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to  bring  the  pressure  down  at  the  end  of  the  line  from  2200  volts  to  the 
desired  pressure  for  lights  or  motors. 

Loss  in  Pressure  along  a  Transmission  Line.  A  three-phase  power 
transmission  system  has  three  wires  on  the  pole  line,  or  in  some  eases  two 
separate  lines  of  three  wires  each,  as  indicated  in  Fig.  101,  each  wire 
carrying  the  same  current  if  the  system  is  balanced,  as  is  planned  for  as  far 
as  possible  (three-phase  motors  form  a  balanced  load).  In  an  alternating 
current  system  the  drop  in  pressure  along  the  line  is  due  chiefly  to  the 
electrical  resistance  of  the  wire;  there  is  another  item  called  "  inductance  " 
that  causes  an  additional  drop  in  pressure;  the  combination  of  resistance 
and  inductance  is  called  the  "  impedance  "  of  the  circuit  or  line.  The 
inductance  of  a  transmission  line  depends  upon  the  distance  apart  between 
the  wires,  and  the  length  of  the  line,  making  the  impedance  increase  some- 
what with  the  increase  of  distance  between  the  wires.  The  table  at  the 
end  of  this  chapter  gives  both  the  resistance  of  the  wire  per  mile  of  one 
wire,  and  the  impedance  in  terms  of  per  mile  of  copper  wire  with  the  differ- 
•ent  standard  distances  between  wires.  The  distance  between  wires  is 
increased  with  the  increase  of  electrical  pressure  used,  in  order  to  prevent 
the  current  from  leaking  from  one  wire  to  another  through  the  moisture  of 
the  air.  The  drop  in  electrical  pressure  due  to  the  current  flowing  in  the 
wires  of  a  three-phase  system,  between  any  two  of  the  wires,  is  equal  to  the 
total  impedance  of  one  of  the  wires  (as  given  in  the  tables)  multiplied  by 
the  current  in  that  wire  and  also  by  the  \/3.  For  a  single-phase  alterna- 
ting-current circuit,  the  drop  in  pressure  between  any  two  of  the  wires  is  the 
current  of  one  wire,  multiplied  by  the  impedance  of  that  wire,  times  2: 
in  a  direct-current  circuit  the  resistance  and  impedance  are  the  same,  and 
for  interior  wiring  they  are  practically  the  same  for  alternating-current 
circuits  on  account  of  the  wires  being  but  a  short  distance  apart. 

The  following  problem  illustrates  the  application  of  the  principles  taken 
up  in  this  chapter,  as  well  as  serving  as  a  guide  for  the  calculations  for  any 
case  of  the  electrical  transmission  of  power: 

A  new  cotton  mill  will  require  1500  horse-power  delivered  to  the  mill,  for 
driving  machinery  and  for  lighting  purposes,  ten  hours  per  day.  Twenty 
miles  from  the  mill  there  is  a  water-fall  with  a  50-f t.  effective  head  and  with 
a  guaranteed  development  of  3000  horse-power,  as  determined  by  the  meas- 
urements of  a  civil  engineer.  It  is  estimated  that  the  water-power  improve- 
ments, including  the  cost  of  construction  of  the  dam,  will  amount  to 
$155,000.  Will  it  pay  to  develop  this  water-power  and  transmit  the 
power  electrically?  Will  it  be  better  economy  to  erect  a  steam  plant  at  the 
mill,  coal  costing  $3.40  a  ton  of  2000  pounds  delivered?  Will  a  gas- 
producer  plant  be  more  economical?  In  all  three  cases  it  is  assumed  that  the 
power  is  taken  into  the  mill  electrically,  and  that  the  groups  of  machines 
are  driven  by  individual  motors.  This  use  of  individusd  motors  in  place  of 
having  a  shaft  running  directly  into  the  mill  from  the  power  plant  is  com- 
mon practice.  The  shafting  with  its  belts,  bearings,  and  pulleys,  takes  up 
space  as  well  as  interfering  with  the  proper  distribution  of  light  for  eflScient 
labor  service. 
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WATER-POWER  PLANT 

Cost  of  water-power  improvements,  including  dam $155,000.00 

Three  700-H.P.  water  turbines  (see  Fig.  88) 8,200.00 

Hydraulic  fittings,  general  figure,  $4.00  per  H.P 8,400.00 

Three  500-K.W.,  three-phase,  A.C.  generators,  2200  volts,  (see  Fig.  110). .       13,500.00 

Switchboard  equipment,  wiring,  etc.,  general  figure,  $6.00  per  K.W 9,000.00 

Three  direct-current  generators  for  exciters,  to  supply  the  magnetism  for 
the  alternators,  each  of  about  4  per  cent  of  the  capacity  of  each  alter- 
nator; making  60  K.W.  total  (see  Fig.  110)  ($25  per  K.W.) 1,500.00 

"Step  up'*  transformers;  two  banks  of  three  single-phase  transformers 
each;  each  transformer  of  250  K.W.  capacity,  and  transforming  from 
the  2200  volts  of  the  generators  to  22,000  volts  for  transmission.     60- 

cycle,  oil-insulated  self-cooled  (see  Fig.  102) 5,280.00 

Complete  cost  of  pole  line,  exclusive  of  the  wire  used,  varies  from  $400 
to  $1500  per  mile,  depending  upon  the  locality,  kind  of  poles  and 
insulators,  and  the  nature  of  the  ground  for  setting  the  poles.  Assuming 
$800  per  mile  in  this  case  (including  little  or  no  cost  for  the   "  right  of 

way")  20  miles 16,000.00 

Two  banks,  of  "  step  down "  transformers,  60-cycle,  oil-insulated,  self- 
cooled,  making  six  of  about  225  K.W.  capacity;  and  transforming 
from  20,400  volts  to  550  volts  for  motors,  and  through  a  second  bank 

of  transformers  to  110  volts  for  the  lights  (see  Fig.  102) 4,800.00 

Copper  conductors  for  three-phase    line,  assuming  copper  to  be  15  cts. 

per  pound 7,700.00 

229,380.00 

Interest  on  this  amount  at  5  per  cent $11,469.00 

Operating  costs:  labor,  $10.00  per  day $3,100.00  per  year. 

In  general,  1000  volts  per  mile  for  an  electrical  pressure  is  allowed  as  a 
starting  point  to  determine  the  necessary  size  of  copper  wire;  but  as  both 
the  amount  of  power  and  the  distance  ot  transmission  determine  the  volt- 
age to  be  used,  the  final  result  may  show  a  higher  or  lower  voltage  than 
that  originally  assumed.  The  general  standard  high  voltages  are  as  fol- 
lows: 2200,  4400,  6600,  13,200  (about  the  maximum  to  get  directly  from 
the  generator,  it  being  more  economical  to  get  higher  voltages  by  means 
of  transformers)  22,000,  33,000,  44,000,  66,000,  88,000,  110,000,  138,500, 
the  latter  being  extreme,  and  the  highest  voltage  in  practical  use  at  this 
time.  Assuming  22,000  volts  in  this  case,  a  power  factor  of  0.92  (for 
motor  loads,  induction  motors  averaging  about  125  H.P.  and  one  syn- 
chronous motor,  and  smaller  load  of  lights),  and  an  allowable  drop  in 
voltage  along  the  line  of  8  per  cent;  the  voltage  at  the  delivering  end  of 
the  line  would   be  about  20,400  volts,  with  22,000_volts  at  the  power 

station.     The  power^in  a   three-phase   system  =  \/3X  pressure  X  current 

X  power-factor  =  V3X  20,400  X  current  X  0.92  =  delivered  power  =  1538 
(H.P.)  X 746  =  the  power  to  be  delivered  to  the  transformers  at  the  mill 
(allowing  2.5  per  cent  average  loss  in  the  step  down  transformers).  Solv- 
ing for  the  current  in  this  equation  =  (1538X746) -^(V3'x20,400X0.92) 
=  35.3  amperes  as  the  current  flowing  in  each  of  the  three  wires.  The 
voltage  drop  between  any  two  of  the  wires  (8per  cent)  is  about  1600  volts 

(22,000  -  20,400) ;  dividing  this  by  the  V3^  gives  the  voltage  drop  in 
terms  of  one  wire =926  volts.  As  part  of  the  power  transmitted  is  to 
be  used  for  lighting  purposes,  60  cycles  frequency  would  be  used.  With 
the  wires  36  ins.  apajt  (this  distance  is  increased  with  the  voltage  used, 
depending  somewhat  upon  the  locality  or  the  dampness  of  the  atmosphere 
at  any  season)  the  impedance  per  mile  in  terms  of  one  wire  would  be 
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(total  volts  drop)  ^  (current  X  miles)  =  926  -^  (35.3  X  20)  =  1 .31  ohms.  This 
corresponds,  according  to  the  table  at  the  end  of  this  chapter,  to  a  No.  3 
wire  (with  60  cycles),  1.258  being  the  actual  impedance  per  mile  for  this 
size  wire,  that  of  No.  4  being  too  great.  Bare  wire  is  used  for  high 
voltage  transmission  lines.  No.  8  is  about  the  smallest  size  used  for  out- 
door work,  sleet  and  ice  in  northern  climates  adding  too  much  weight  for 
smaller  wire:  for  reliable  long-distance  transmission  lines  nothing  smaller 
than  No.  5  wire  should  be  used,  on  account  of  the  mechanical  strength. 

With  copper  at  15  cents  per  pound,  the  cost  of  the  three  wires  in 
this  case,  20  miles,  5280  ft.  per  mile,  and  No.  3  wire  weighing  159.38 
pounds  per  1000  ft.  (see  table),  is  3X20X5280X0.15  =  87700  (about). 
By  using  the  next  higher  standard  pressure,  the  size  of  the  wire  would  be 
too  small,  for  mechanical  reasons.  If  the  next  smaller  standard  voltage 
were  used,  the  increase  in  the  cost  of  the  copper  wire  would  be  found  to 
exceed  the  decrease  in  the  cost  for  lower  voltage  transformers,  and  slight 
decrease  in  cost  of  pole  line  for  lower  voltage.  The  higher  the  cost  of 
copper,  the  greater  the  saving  in  using  a  higher  voltage  to  bring  the  size 
of  wire  down  to  the  smallest  advisable  for  mechanical  strength;  but  the 
higher  the  voltage  the  less  reliable  the  system  may  be  in  damp  atmos- 
pheres, particularly  above  44,000  volts. 

In  cases  where  there  is  no  power  to  spare,  and  where  there  is  plenty  of 
capital  available,  the  general  rule  should  be  applied,  that  the  most  econom- 
ical size  of  conductor  is  the  one  with  such  a  resistance  that  the  cost  of  the 
power  per  year  lost  in  heating  the  wires  is  equal  to  the  interest  per  year  on 
the  original  cost  of  the  conductor.  Applying  this  rule  to  the  present  case: 
the  interest  on  the  cost  of  the  conductors  (5  per  cent)  is  $385;  about  82 
K.W.  (7  to  8  per  cent)  being  lost  along  the  line,  at  a  cost  of  about  $5.75  a 
day  at  the  power  station  (about  0.7  cent  per  K.W.  hour),  gives  a  cost  for 
the  power  lost  per  year  of  about  $1775.  But  if  there  is  no  further  market 
for  the  spare  power,  in  this  case,  the  power  lost  is  really  worth  less  than 
the  above  figure.  Where  advisable,  either  the  size  of  the  wire  could  be 
increased,  or  30,000  volts  used  in  place  of  20,000,  to  decrease  the  cost  of 
the  power  lost. 

STEAM-POWER   PLANT 

Three  compound  condensing  slow-speed  engines,  of  550  B.H.P.  each  (see 

.  Fig.  81) $37,500.00 

Cost  of  auxiliaries,  average  $8.00  per  H.P 13,200.00 

Cost  of  fire-tube  l)oilers,  six  200  H.P.  (Fig.  81) 8,500.00 

Three  alternating  current  generators,  400  K.W.  each  (550  volt  genera- 
tors, no  transformers  being  necessary),  (see  Fig.  110) 14,450.00 

Three  16-K.W.  direct-current  generators  for  exciters,  to  supply  the  mag- 
netism for  the  alternating-current  generators  (see  Fig.  110) 1,250.00 

Switchboard  equipment,  $4.00  per  K.W 4,800.00 

Cost  of  stack  or  chimney  at  $3.25  per  H.P 5,400.00 

Total 85,100.00 

Interest  on  this  amount  at  5  per  cent $4,255.00 

Operating  expenses:    7620  tons  of  coal  per  year,  of    308  ten-hour  days, 
for  1650  H.P.  at  a  coal  consumption  of  3  lbs.  per  B.H.P.  per  hour  for 

this  tjrpe  of  engine  (see  Fig.  85) 25,920.00 

Labor  as  in  the  water-power  plant 3,100.00 

Additional   labor   over  what   would   be   necessary   in   the  water-power 

station:  three  firemen  at  $1.75  each  per  day 1,600.00 

Total  operating  costs $30,620.00 
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GAS-PRODUCER  PLANT 

Three    600-H.P.    gas  engines  with   gas-producers  and   accessories   (see 

Fig.  88) $105,000.00 

Three  400-K.W.  alternating-current  generators,  550  volts  (Fig.  110) 14,450.00 

Three  16-K.W.  exciters  (Fig.  110) 1,250.00 

Switchboard  equipment,  $4.00  per  kilowatt 4,800.00 


Total $125,500.00 

Interest  on  this  amount  at  5  per  cent $6,275.00 

Operating  expenses:    2tS00  tons  of  coal  per  year  of  308  ten-hour  days. 

1650  H.P.,  coal  $3,40  per  ton.     1 . 1  lbs.  per  B.H.P.  (see  Fig.  88) 9,500.00 

Labor  as  in  the  water-power  plant 3,100.00 

Additional  labor  over  what  would  Ix;  necessary  in  the  water-power  station ; 

two  men  at  $1.75  per  day 1,100.00 


Total S13,700.00 

Comparing  these  three  plant>^: 


Plant, 


Capital  Costs. 


Fixed    Charges   (In-  nnni-ut„i„    Fv 
tercst.     ncprocia-     OP<TatinR    Ex- 

tion.  TaxeM,  In- 

Huranco.  etc.) 

5% +  10%. 


pcn.Hi'.s.    ( Fuol, 

LaVwr, 

Supplies.) 


Cost        ner       Year 

(Fixoa  ('harKos 

Plus  Operating 

ExpenseH). 


Water-power  plant  .,     $229,380.00     §11,409  +  8500 

j  =19,969.00 

I  (10%  on  ma- 
I  chinery  and 
j  pole  line  only) 


S  3,100.00 


Steam  plant 1 .  .     85,100.00 


Gas-producer  plant.        125,500.00 


4,255  4-8,510 
=  $12,765.00 

6.275  +  12,500 
=  $18,775.00 


30,620.00 


$23,069.00 


13,700.00 


43,385.00 


32,475.00 


It  may  be  noted  that  the  interest  on  the  initial  cost  of  the  water-power 
plant  about  offsets  the  cost  of  coal  per  year  for  the  steam  plant;  and  in 
localities  where  coal  is  comparatively  cheap,  and  the  cost  of  the  water- 
power  development  high,  the  steam-plant  development  may  be  better 
economy. 

The  yearly  cost  of  power  per  K.W.-hour  is  obtained  by  dividing  the 
total  cost  per  year,  as  tabulated,  by  the  number  of  K.W.-hours  actually 
used  during  the  year.  The  number  of  hours  of  operation  per  year,  of  308 
ten-hour  days,  would  be  308X10  =  3080  hours;  and  multiplying  this  by 
the  number  of  K.W.  output  of  the  plant,  the  following  costs  per  K.W.- 
hour  are  obtained  for  the  power  delivered: 


Plant. 


Yearly  Cost. 


K.W.-hours  per 
Yoar. 


Water-power  plant 

Steam-power  plant 

Gas-producer  power  plant . 


$23,069.00 
43,385.00 
32,475.00 


3,450,000 
3,450,000 
3,450,000 


Cost  per  K.W 
hour. 


0.67c. 
1.26c. 
0.94c. 


Cost  of  construction  of  each  plant,  per  horse-power    ^  Water-power  plant  $100.00 

output  J  (not  including  cost  of  land  or  buildings,    \  Steam-power  plant  52.00 

or  cost  of  pole  line)  [  Gas-producer  plant,  75.00 


From  the  preceding  figures  it  will  be  seen  that  the  water-power  plant 
seems  to  be  the  most  appropriate  for  this  case.     Taking  into  account  the 
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particular  locality,  the  cost  of  land  and  buildings,  and  other  items  afiFecting 
the  costs  beyond  general  conditions,  might  show  a  different  result.  It  is 
at  this  stage  that  the  good  or  bad  judgment  of  the  engineer  comes  in.  It 
must  be  remembered  that  these  are  general  considerations  and  general 
costs  only,  showing  the  principles  involved,  the  final  decision  being  made 
after  actual  quotations  are  obtained,  and  all  items  considered  in  detail. 

STANDARD   WIRE  TABLE  (COPPER) 


Si  Be  of  Wire 
n.  A  8. 
Gauge. 

Diameter  in 
Inches 

(Bare). 

Distance 

between 

Centers  of 

Wires. 

Inches. 

Resistance 

per  Mile 

of  One 

Wire. 

Impedance 
per  Mile  of 
One  Wire. 
00  Cycles. 

Impedance 
per  Mile  of 
One  Wire. 
25  Cycles. 

Weight  per 

1000  Feet 

(Bare 

Wire). 

Safe 
Current- 
cairymg 
Capacity, 
Rubber- 
covered 
Wire  (Inte- 
rior Use). 

16 

0.051 

Ohms. 

Ohms. 

Pounds. 
7.82 

Amperes. 
6 

15 

0.057 

9.86 

8 

14 

0.064 

12.44 

12 

13 

0.072 

15.68 

14 

12 

0.081 

19.77 

17 

11 

0.091 

24.93 

21 

10 

0.102 

31.44 

24 

9 

0.114 

39.65 

29 

8 

0.128 

24 

3.280 

3.362 

3.294 

49.99 

33 

8 

0.128 

36 

3.375 

3.296 

8 

0.128 

48 

3.385 

3.2C8 

8 

0.128 

60 

3.392 

3.299 

8 

0.128 

84 

3.405 

3.301 

7 

0.144 

24 
36 

48 
60 
84 

2.590 

2.694 
2.707 
2.717 
2.725 
2.738 

2.607 
2.609 
2.611 
2.613 
2.615 

63.03 

39 

6 

0.162 

24 
36 

2.045 

2.166 
2.184 

2.067 
2.070 

79.49 

45 

m 

48 
60 
84 

2.196 
2.206 
2.221 

2.072 
2.074 
2.077 

5 

0.182 

24 
36 

48 
60 

84 

1.624 

1.772 
1.791 

1.808 
1.819 
1.838 

1.650 
1.653 
1.656 
1.658 
1.661 

100.23 

54 

4 

0.204 

1 

24 
36 

48 
60 

84 

1.290 

1.464 
1.489 
1.505 
1.520 
1.541.. 

1.322 
1.328 
1.330 
1.333 
1.338 

126.40 

65 

3 

0 . 229     1 

1 

24 
36 

48 
60 

84 

1.025 

1.229 
1.258 
1.278 
1.294 
1.318 

1.063 
1.069 
1.075 
1.078 

1.082 

159.38 

76 

2 

1 

0.258     ■ 

24 
36 

48 
60 

84 

0.808 

1.046 
1.078 
1.113 
1.120 
1.149 

0.854 
0.861 
0.866 
0.870 
0.877 

200.98 

90 
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Site  of  Wire 

B.  &  8. 

Gauge. 

Diameter  in 
Inches 
(Bare) 

Distance 

between 

Centers  of 

Wires. 

Resistance 

per  Mile 

of  One 

Wire. 

Impedance 
per  Mile  of 
One  Wire, 
60  Cycles. 

Impedance 
per  Mile  of 

One  Wire. 

25  Cycles. 

Weight  per 

1000  Feet 

(Bare 

Wire). 

Safe 
Current- 
carrying 
Capacity, 
Rubber- 
covered 
Wire  (Inte- 
rior Use). 

Inches. 

Ohms. 

Ohms. 

Pounds. 

Ampere. 

1 

0 .  289 

24 
36 

48 
60 
84 

0.644 

0.915 
0.951 
0977 
0.998 
1.029 

0.694 

0.707 
0.713 
0.718 
0.726 

253.43 

107 

0 

0.325 

24 
36 

48 
60 

84 

0.509 

0.815 
0.853 
0.882 
0.904 
0.938 

0.574 
0.583 
0.591 
0.596 
0.605 

319.74 

127 

00 

0.365 

24 
36 

48 
60 

0.403 

0.741 
0.784 
0.813 
0.837 

0.479 
0.491 
0.499 
0.506 

402.97 

150 

84 

0.873 

0.516 

000 

0.410 

24 
36 
48 
60 
84 

0.319 

0.687 
0.731 
0.763 
0.787 
0.825 

0.408 
0.421 
0.430 
0.438 
0.450 

508.12 

177 

0000 

0.460 

24 
36 

48 
60 
84 

0.254 

0.646 
0.692 
0.724 
0.750 
0.785 

0.355 
0.369 
0.380 
0.389 
0.400 

640.73 

210 

No.  0000  wire  is  the  largest  size  in  the  solid  form,  being  about  one-half 
inch  in  diameter;  for  a  larger  cross-section  of  copper,  strands  of  wire  are 
used  in  the  form  of  a  cable;  sizes  being  given  in  "  circular  mils  "  rather 
than  stated  by  numbers  as  above. 

The  cost  of  bare  wire  varies  with  the  cost  of  copper  at  any  particular 
time:  and  the  price  of  rubber-covered  wire  as  for  interior  use  varies  with 
the  price  of  copper,  rubber,  and  the  size  of  wire,  less  weight  of  insulation 
per  pound  of  copper  being  required  for  the  larger  sizes. 
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VII 

SULPHURIC  ACID 
WILLIAM   M.  GROSVENOR 

Occurrence.  Sulphuric  acid  is  found  in  commerce  as :  Chamber  aciil 
(about  53°  B^.,  66.6  per  cent  H2SO4)  taken  from  the  bottoms  of  the  cham- 
bers in  the  chamber  process;  Glover  acid  (about  60°  B^.,  77.7  per  cent) 
taken  from  the  first  or  Glover  tower  of  the  chamber  process;  66  acid,  is 
fairly  pure  acid  concentrated  (see  p.  196)  to  66°  B<§.,  93.2  per  cent;  98 
acid,  of  98  per  cent  made  by  concentration  or  by  the  contact  process  (see 
p.  207)  and  generally  of  great  purity;  oleum  or  fuming  acid  (100  per 
cent  H2SO4  containing  additional  SO3  in  solution)  made  by  distillation 
of  sulphates  (obsolete)  or  by  the  contact  process;  Nordhausen  acid 
(oleum  when  made  from  distillation  of  w^eathered  shales  (obsolete)  con- 
taining iron  sulphate  or  from  FeS04)  approximating  a  composition 
H2SO4SO3  or  H2S2O7  which  is  pyrosulphuric  acid;  and  oil  of  vitriol,  also 
called  o.v.  (generally  about  66°).  The  old  name  *'  oil  of  vitriol ''  is  derived 
from  its  first  preparation  by  the  alchemists  Gaber,  Valentine  and  their 
predecessors  who  made  it  by  distillation  of  sulphates,  particularly  green 
vitriol,  FeS04,  or  by  the  burning  of  sulphur  after  the  addition  of  salt- 
peter. In  fact,  historically,  sulphuric  acid  is  one  of  the  first  isolated  acids, 
known  to  the  Arabians  in  the  eighth  century  and  to  Europe  in  the  four- 
teenth and  fifteenth  centuries,  when  chemical  industries  really  began  to 
develop. 

Industrial  Position.  The  importance  of  an  industry  is  something  by 
which  we  should  always  be  guided.  The  tonnage  indicates  to  a  great 
degree  the  opportunity  for  engineering  skill;  the  value  marks  the  utility 
of  effort  to  improve  (except  revolutionary  improvements  that  establish 
entirely  new  price  levels  and  thereby  new  horizons  of  usefulness).  There 
are  something  over  150  sulphuric  acid  plants  ^  in  the  United  States, 
the  majority  of  the  plants  being  located  in  Georgia,  Pennsylvania,  New 
Jersey,  New  York,  South  Carolina,  Maryland  and  Ohio.  Expressed 
in  short  tons  (as  50°),  the  1,869,000  tons  production  of  149  works  in  the 
United  States  in  1905  is  distributed  among  North  Atlantic  States  768,000, 
South  Atlantic  540,000,  North  Central  350,000,  South'  Central  141,000 

*  For  the  European  relations  of  the  industry  to  alkali  and  muriatic  acid  manu- 
facture (not  so  general  in  the  United  States)  see  Limge,  "  Sulphuric  Acid  and 
Alkali,"  third  edition. 
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and  the  Western,  where  mining  and  agriculture  predominates,  69,000. 
One  would,  therefore,  not  consider  a  very  large  installation  in  the  West 
without  providing  some  new  outlet,  or  in  the  East  without  preparing  to 
meet  competition.  The  value  of  the  acid  produced  in  the  United  States 
in  1905  was  $15,174,886,  Compared  with  other  industries  it  is  a  grown 
man  though  by  no  means  a  giant.  In  tonnage  it  is  less  than  half  that  of 
the  salt  production  which  is  2,901,506  tons,  while  it  is  considerably  greater 
than  news  paper,  912,822  tons.  Compared  with  other  products  generally 
known  as  chemicals  it  stands  second  to  the  greatest,  fertilizers. 

Nitric 54,190  tons  $5,232,527 

Mixed 70,334    '  *  4,142,147 

Muriatic 94,269    ''  various  strengths     1,730,231 

Acetic 14,753    * '  597,235 

Boric 3,478"  527,190 

Sodas 734,209    ''  13,357,983 

Fertilizers 3,591,771    ''  56,973,634 

Uses  of  Sulphuric  Acid.  The  principal  uses  of  sulphuric  acid  are 
indicated,  together  with  the  quantity  used  calculated  into  tons  of  50** 
B6.,  62.18  per  cent,  in  the  following  table: 

Fertilizer  manufacture 803,358  tons 

Petroleum  purification 181,782 

Pickling  iron  and  steel 125,000 

Alum  manufacture 71,426 

Mixed  acid  manufacture 63,059 

Textile  industry 50,000 

Muriatic  manufacture 48,750 

Nitric  manufacture 47,348 

All  other  uses 157,400 
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For  fertilizers,  acid  of  50°  to  60°  B6.  is  used  both  in  the  manufacture  of 
phosphate  fertilizers  and  in  the  manufacture  of  ammonium  sulphate. 
Likewise  for  the  pickling  or  cleaning  from  oxide  scale,  60°  acid  is 
generally  purchased  although  of  late  years  the  higher  purity,  together 
with  the  lower  freight  and  cheapening  of  high  strength  acid,  has  led  to 
the  purchase  of  considerable  contact  acid  for  this  purpose.  For  dyeing 
and  electro-plating,  as  well  as  for  the  manufacture  of  many  chemicals, 
the  w^eaker  acid  may  also  be  used.  Acid  of  66°  B6,  is  most  largely  con- 
sumed in  the  purification  of  petroleum,  recovery  of  rubber,  manufacture 
of  explosives  and  in  making  mixed  acid  to  be  used  for  this  purpose.  For 
the  making  of  mixed  acid,  however,  the  98  per  cent  or  oleum  is  being  more 
largely  used,  since  it  permits  the  use  of  a  weaker  nitric  and  greatly  decreases 
the  cost  of  nitric  acid  manufacture  without  materially  increasing  the 
cost  of  the  sulphuric.  Spent  acid  (or  mixed  acid  which  has  been  used 
in  nitration)  is  sometimes  repurchased  by  the  nitric  acid  manufacturer. 
It  can,  to  a  considerable  extent,  be  used  (with  stronger  sulphuric)  for 
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the  manufacture  of  nitric.  Ninety-eight  per  cent  (as  well  as  66*)  is  also 
used  in  purifying  certain  fats  and  greases,  and  fortifying  weaker  acid  and 
weak  nitrating  mixtures  in  the  manufacture  of  pyroxyline  products. 
Oleum,  or  acid  stronger  than  100  per  cent  is  used  most  largely  in  making 
mixed  acid  for  the  manufacture  of  explosives  and  using  the  entire  output 
of  the  nitric  plant,  in  making  organic  sulphonates  and  organic  dyes,  the 
manufacture  of  other  chemicals  and  in  fortifying  or  strengthening  acid 
weakened  by  reduction  so  that  the  acid  may  be  used  again. 

Cost  of  Manufacture.  It  is  wise  also  to  keep  always  in  mind  the 
intrinsic  commercial  values  of  materials.  No  mistake  of  the  young 
engineer  is  more  fatal  to  his  success  than  the  loss  of  the  practical  man's 
confidence  incident  upon  a  proposal  to  "  kill  flies  with  an  18-inch  gun  " 
as  one  of  them  expressed  it. 

The  manufacturing  cost  (including  interest  on  plant  amortization, 
repairs,  raw  materials,  labor,  miscellaneous  and  "  overhead  charges  ") 
varies  in  this  country  from  about  $5.50  per  ton  of  tower  acid  (about  60°) 
to  $9  for  98  per  cent  when  made  from  waste  smelter  gases.  As  made  from 
purchased  ore  for  the  chemical  trade,  costs  vary  from  about  $6.50  per 
ton  of  tower  acid  to  between  $9  and  $12  per  ton  of  H2SO4  in  the  form 
of  66*^  acid  or  98  per  cent. 

Sales  prices  vary  from  $7.50  to  $10  per  ton  of  tower  acid  and  from 
$12  to  $20  per  ton  H2SO4  for  high  strengths  according  to  quality,  kind 
of  package,  size  of  shipment  or  contract,  freight  allowance,  etc.,  "what 
the  traflSc  will  bear."  These  prices  are  generally  quoted  per  100  lbs., 
1/20  of  a  ton,  so  quotations  on  "66  o.v.  "  for  instance  will  be  upward 
of  60  cents. 

Properties.  The  strong  acid  is  a  heavy,  oily  liquid,  practically 
colorless,  odorless  when  pure,  but  generally  smelling  strongly  of  SO2 
generally  present  in  excess  when  the  acid  was  formed.  Its  density 
approaches  1.9  times  that  of  water  at  15°  C,  the  weak  acid  boils  with 
evolution  of  water  and  the  concentrated  acid  finally  boils  at  a  temperature 
of  about  290°  C.  with  decomposition  into  water,  SO2,  SO3  and  oxygen. 
The  strong  acid  has  a  heat  capacity  about  one-third  that  of  water  and 
freezes  in  the  neighborhood  of  10°  C.  Strong  acid  and  oleum  have  a  power- 
ful dehydrating  action,  breaking  down  the  skin  and  many  organic 
materials  by  robbing  them  of  water  and  in  some  cases  carbonizing  and 
blackening  them.  Severe  bums  produced  by  sulphuric  are  best  treated 
by  the  instant  application  of  large  quantities  of  water.  Unless  large 
quantities  are  available  the  acid  should  first  be  wiped  away  with  some- 
thing dry  before  washing,  as  the  heat  of  dilution  with  small  quantities 
of  w^ater  or  with  alkali  accentuates  the  bum.  Quick  removal  of  the  acid, 
washing  with  water  and  after  treatment  with  an  emulsion  of  sterilized 
sweet-oil  and  lime  water  or  ammonium  carbonate  makes  a  satisfactory 
treatment.  For  the  eyes  bicarbonate  of  soda  should  be  used  instead  of 
the  stronger  alkali. 
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Corrosive   Properties.    Sulphuric  acid    with    commercial   impurities 
attacks  practically  all  metals  including  platinum.     The  attack  on  platinum, 
ho^wever,  is  ordinarily  very  slow.    On  iron  it  is  slow  for  acid  exceeding 
65  per  cent,  on  lead  for  acid  less  than  65  per  cent.     Heat  increases  the 
rate  of  corrosion  in  all  cases  unless  the  boiling  point  of  concentrated  acid 
is   exceeded.     Gaseous  acid,  water,  SO2,  and  small  quanities  of  SO3  do 
not  strongly  affect  either  lead  or  iron  but  condensation  must  be  avoided 
or  the  strength  of  the  condensate,  if  any,  carefully  considered.     Liquid 
or  dissolved  SO3,  however,  has  a  peculiar  action  on  cast  iron,  appearing 
to  enter  the  pores  and  disrupt  the  casting,  sometimes  with  a  violence 
approaching  explosion.     Steel,  semi-steel  and  to  some  extent  malleable 
iron  castings  may  be  used  as  substitutes  in  this  case.    Corrosion  by  the 
liquid  acid  of  wrought  iron  pipe  is  much  less  than  that  of  steel,  but  it  is 
to  be  remembered  that  nearly  all  pipe  sold  as  wrought  iron  is  really  steel 
pipe.     The  great  hydroscopic  action  of  sulphuric  is  an  important  factor 
in  corrosion  of  vessels  and  pipes.    If  air  be  allowed  free  access  to  the  pipes 
the  acid  rapidly  dilutes  itself  by  absorption  of  moisture  from  the  air  and 
corrosion  proceeds  quickly.     Where  iron  and  steel  are  concerned,  there- 
fore the  air  should  either  be  dry,  or  as  far  as  possible  excluded. 

One  fact  should  always  be  remembered;  corrosion  of  metal  goes  on 
to  some  extent  under  nearly  all  conditions,  more  or  less  hydrogen  is 
produced  and  it  is  extremely  dangerous  to  use  an  exposed  flame  or  a  worn 
electric  wire  near  such  vessels  without  insuring  the  absence  of  "  knallgas." 
Washing  out  with  water  should  be  avoided  as  much  as  possible  and  done 
only  after  previous  emptying  and  cleaning  from  mud.  Then  an  excess 
of  commercial  hydrated  lime,  powdered  quicklime  or  even  air-slacked 
lime  or  soda  ash  may  be  used  but  certainly  a  powerful  stream  of  water 
should  be  intermittently  supplied  and  the  vessel  allowed  to  empty  itself 
completely  at  frequent  intervals  until  the  water  is  neutral.  In  sending 
workmen  into  such  vessels  the  possibility  of  asphyxiation  should  always 
be  guarded  against. 

Sources  of  Raw  Material.  Three  principal  sources  of  sulphuric  acid 
are,  native  sulphur,  sulphide  ores  and  those  gases  which  were  formerly 
wasted  in  technical  work,  from  smelters,  etc. 

Stdphnr.  Crude  sulphur  for  making  sulphuric  acid  comes  from  two  prin- 
cipal sources,  volcanic  deposits  of  Sicily  and  underground  beds  in  Louisiana. 
Russian,  Caucasian,  West  Indian  and  Mexican  deposits  are  also  being 
developed.  It  occurs  chiefly  mixed  with  limestone,  supposed  to  have 
been  produced  with  the  sulphur  by  the  reducing  action  of  carbonaceous 
matter  and  heat  on  calcium  sulphate.  There  are  numerous  scarcely 
developed  deposits  of  this  nature  in  the  United  States. 

In  Sicily  sulphur  is  mined  on  the  south  from  Cataisia  to  Girgeute. 
It  is  separated  from  the  gangue  by  fusion  and  distillation  ^  and  comes 
into  the  American  market  as  dirty  yellow  lumps  of  irregular  shape  and 

» Sec  "Mineral  Industrjs"  Vol.  VIII,  p.  592. 
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size.  The  Louisiana  deposits  are  attacked  in  a  peculiar  and  ingenious 
way  by  (Frasch  ^)  boring  and  piping  the  hole,  forcing  down  high  pressure 
steam  to  melt  the  sulphur  deposit  around  the  end  of  the  pipe  and  then 
supplying  air  to  raise  the  mixed  column  of  water,  air  and  sulphur  to  the 
surface.2  The  sulphur  thus  obtained  is  of  a  better  quality  than  much  of 
the  imported  article. 

A  fair  idea  of  the  purity  of  crude  sulphur  may  be  given  by  the  follow- 
ing analysis  of  a  product  worth  about  $18  to  $20  per  ton.  8  =  95.4,  Ca. 
Sr.  Mg.  all  figured  (as  Ca)  1.5,  Si02  =  1.3.  The  Louisiana  sulphur  L* 
99.6  per  cent  pure  and  sells  for  about  $22. 

Pyrites,  Pyrites,  FeS2,  carrying  often  more  or  less  CuS  is,  at  present, 
by  far  the  largest  source  of  sulphur  for  acid  making.  Its  use  began 
about  1830.^  Considerable  quantities  are  imported,  chiefly  from  Spain,"* 
Portugal  and  Newfoundland. 

Deposits  in  the  United  States  have  been  developed  in  New  York, 
New  Jersey  and  several  of  the  southern  Appalachian  and  far  Western 
States.  Most  of  them  are  not  as  high  grade  as  the  imported  ore,  but 
some  are  of  the  finest  character.^  Copper,  zinc,  calcium,  magnesium  and 
sometimes  lead  are  obiectionable  from  the  point  of  view  of  the  acid  maker, 
as  they  retain  sulphur  that  oxidizes  to  sulphate  and  is  not  available 
for  burning.  The  lead  and  zinc  otherwise  interfere,  by  volatilizing. 
For  roasting  to  produce  SO2  the  per  cent  CuX.505+per  cent  CaX.799+ 
per  cent  Mg.X  1.31 +0.6  (const.)  may  safely  be  deducted  from  the  analyt- 
ical per  cent  of  sulphur  in  the  ore;  to  ascertain  the  probable  actual  sulphur 
value.  But  this  is  by  no  means  all,  as  it  is  not  proper  to  value  ore 
directly  in  proportion  to  the  amount  of  sulphur  available.  Allowances 
must  be  made  for  the  increased  cost  of  handling  the  gangue  both  as 

1  U.  S.  Patents  461,429,  461,430  and  461,431  of   1891. 
«  See  Eng.  and  Mng.  Jour.,  Dec.  14,  '07.     Day  Allen  Willey,  p.  1107. 
'  Lunge,  "  Sulphuric  Acid  and  Alkali,"  third  edition,  Vol.  I,  p.  36. 
*  Analysis  of  some  Spanish  ores  with  cost  at  works  100  to  300  miles  from  seaboard 
are  given  for  comparison  per  100  lbs.  of  sulphur  contained  in  the  ore. 
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Prices  are  generally  made  "per  unit"  which  means  per  ton  per  per  cent  of  sulphur. 
Peruna,  therefore,  at  81  cents  per  100  lbs.  of  sulphur  would  be  $16.20  per  short 
ton  of  sulphur.  This  means  $7.29  per  ton  of  ore.  If  $1  freight  had  been  paid,  this 
makes  the  selling  price  $6.29  per  short  ton  of  ore  which  would  be  quoted  at  $6.29-5- 
45  =  13.9  cents  per  unit  (short  ton.) 

*  Numerous  analyses  of  United  States  ores  are  given  in  Limge,  "Sulphuric  Acid 
and  AlkaU,"  third  edition,  pp.  57,  et  scq. 
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ore  and  as  cinder  and  for  the  larger  installation  and  repairs  required 
where  low  grade  material  is  used.  Also  the  losses  in  cinder  are  abso- 
lutely larger  with  low  grade  ores  but  even  the  same  loss  (say  2  per  cent) 
is  equal  to  4  per  cent  of  the  total  sulphur  in  a  50  per  cent  ore,  5  per 
cent  of  the  total  sulphur  in  a  40  per  cent  ore. 

Waste  Gases.  The  third  source  of  sulphur  is  waste  gases,  particularly 
the  "  fumes "  from  sulphide  smelters.  Copper  is  present  in  great 
quantities  of  Spanish  ore  that  is  imported  for  its  copper  value  as  well 
as  for  the  sulphur,  and  the  first  step  in  the  wet  copper  process  is  to 
bum  out  the  excess  of  sulphur  from  which  acid  is  made.  In  smelting  zinc 
and  copper  ores  a  quantity  of  SO2  is  produced  which  is  also  turned  into 
acid.  These  gases  are  otherwise  at  present  worthless  and  are  in  many 
places  a  source  of  great  expense  to  the  producers  owing  to  damage  suits 
by  those  whose  crops  or  trees  are  injured  thereby.  This  damage  is  denied, 
but  the  fact  remains  that  the  vicinity  of  a  sulphide  smelter  is  desolated. 
This  source  of  sulphur  for  acid  production  promises  to  exceed  all  others.^ 

Sulphur  Burning.  In  burning  sulphur  three  points  chiefly  have  to 
be  considered,  i.e.,  freedom  of  the  gases  from  volatilized  sulphur  which 
has  not  been  oxidized,  sufficient  richness  of  the  gases  for  profitable 
operation  of  the  sulphuric-acid  making  portions  of  the  plant,  and  as  com- 
plete removal  as  possible  of  sulphur  from  the  slight  residue  of  mineral 
matter.  It  is  a  familiar  fact  in  domestic  economy  that  sulphur  used  for 
sterilizing  does  not  burn  up  completely.  Provision  must  be  made  for 
maintaining  a  sufficiently  high  temperature  of  the  surrounding  walls  and 
of  the  material  on  which  the  sulphiu*  is  supported.  For  the  latter  purpose 
an  iron  plate  is  generally  used,  cast  iron  preferred,  and  it  should  be  heavy 
enough  and  hot  enough  to  insure  active  combustion  of  the  sulphur  at  all 
points,  even  where  the  collected  mineral  residue  is  practically  all  that  is  left 
and  only  a  small  percentage  of  sulphur  is  being  burned  out  of  it.  For 
this  purpose  special  ovens  are  constructed.  Provision  is  generally  made 
fcr  the  preliminary  heating  of  the  iron  pans  and  when  once  lighted  the 
burners  should  either  be  operated  in  battery  or  fed. continuously,  so  that 

*  Careful  study  of  the  question  for  years  leads  me  to  believe  that  (in  practically 
all  cases)  it  is  feasible  to  recover  such  fumes,  that  marketable  products  can  be  profitably 
produced  in  any  locality  where  large  smelters  now  operate,  that  the  value  thus  produced 
will  in  many  instances  exceed  that  of  the  metal  produced  and  that  no  other  phase  of 
the  sulphuric  acid  industry  is  so  important.  A  single  company  at  two  plants  is  at 
I)rpsent  waiting  enough  sulphur  to  nearly  equal  the  sulphuric  production  of  the  United 
States  and  defends  damage  suits  and  injunctions  in  preference  to  developing  the 
probable  outlets  for  chemicals  it  might  produce.  Zinc  smelters  located  in  the  Eastern 
and  Central  States  have  already  profited  largely  by  the  use  of  this  former  waste.  Two 
copper  companies  in  the  South  have  done  something  in  the  same  direction,  producing 
4i50  to  500  tons  a  day  where  they  will  ultimately  produce  several  times  this  amount, 
but  when  there  is  no  ready  sale  for  acid  as  such,  "pohcy"(?)  prevents  the  development 
of  methods  for  utilizing  these  sources  of  sulphur.  The  smelter  gases  vary  considerably 
in  strength  of  SOj,  contain  much  dust  and  metallic  oxides,  sometimes  precious  metals, 
as  weU  as  considerable  quantities  of  carbon  dioxide  and  some  carbon  monoxide. 
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the  variations  of  operation  of  the  single  burner  shall  not  directly  affect 
the  strength  of  the  gases  to  any  material  extent.  The  necessity  for  accurate 
draft  regulation  is  apparent.    Too  much  draft  is  better  than  too  little 


Fig.  110. 
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Fig.  111. 


if  ample  provision  has  been  made  for  the  complete  interaction  of  the  gases 
before  they  are  allowed  to  cool.  In  some  types  of  burners  in  which  the 
gases  are  drawn  away  too  quickly  from  the  burning  pan  an  excessive 
supply  of  air  serves  to  chill  the  vapors  and  promote  the  deposition  of 
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sulphur  in  the  flues.  The  indication  of  such  action  may  be  found  in 
cloudiness  of  the  Glover  acid  or  filming  with  sublimed  sulphur  in  the 
chambers.  Figs.  110-111  illustrate  onet  ype  of  furnace  recommended.  The 
burner  consists  essentially  of  a  shell  of  brick  work  having  an  upi>er  and 
lower  chamber,  the  division  between  the  two  acting  as  a  reverberatory 
over  the  pan  A  in  which  the  sulphur  is  burned.  Draft  is  regulated  at  the 
door  E.     The  fire  is  cooled  when  necessary  to  retard  the  vaporization 
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Fig.  112. 
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Fig.  113. 


of  the  sulphur  by  means  of  admitting  the  air  to  space  B  beneath  the  plate. 
Products  of  combustion  pass  up  through  the  hole  C  into  the  upper  chamber 
D  where  opportunity  is  given  for  the  interaction  of  sulphur  vapor  with 
the  excess  of  air.  A  division  wall  in  this  upper  chamber  insures  longer 
passage  of  the  gases  before  cooling.  A  small  hole  above  the  inlet 
opening  C  into  this  upper  chamber  admits  more  air  if  necessary  for 
the  complete  combustion  of  the  sulphur  vapor.  Iron  supports  F  are 
provided  for  a  niter  pot  G  when  it  is  preferred  to  furnish  niter  for  the 
chambers  in  this  manner.    This  is  one  of  the  intermittent  type  of  burn- 
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ers,  generally  operated  in  batteries.  The  exact  regulation  of  draft  is 
very  difficult  and  extreme  care  in  periodic  rotation  of  charges  is  essential 
to  successful  operation.  , 

Many  burners  have  been  designed  and  a  number  successfully  operated 
on  the  continuous  plan.  One  of  the  earliest  of  these  ^  is  illustrated  by 
Figs.  112-113,  and  taken  from  Lunge's  ''Sulphuric  Acid  and  Alkali." 
pp.  57  and  58.  While  not  strictly  continuous  it  would  l)e  necessar>'  to 
open  the  door  of  such  a  burner  only  on  rare  occasions  to  remove  cinder. 

Burning  of  Pyrites.  Like  coal,  pyrites  ore  was  not  recognized  as  a 
combustible  until  early  in  the  last  century,  various  claims  dating  from 
1793  to  1820.  Probably  the  necessity  of  desulphurizing  cuprous  pjTites 
in  the  works  of  Perret  et  Fils  and  the  exhaustive  work  done  by  them  is 
mainly  responsible  for  its  success.  The  heat  of  combustion  must  l>e  con- 
served and  therefore  considerable  masses  are  required  to  maintain  the 
fire.  As  with  coal,  a  certain  weight  (two  to  three  pounds)  can  be  burned 
X>er  square  foot  of  grate  per  hour,  the  depth  of  fuel  bed  (on  top  of  cinder) 
generally  varying  from  10  to  30  ins.  Excessive  charges  lead  to  loss 
of  sulphur  in  the  cinder,  excessive  depth  of  fuel  to  improper  compo.sition 
of  gases  and  scarring  or  fluxing  which  corresponds  to  the  formation  of 
vclinker  in  an  ordinary  coal  fire. 

^  The  first  step  in  the  burning  of  pyrites  is  to  properly  adapt  the  size 
of  the  ore  to  the  character  of  burner  being  used.  Although  ore  may  be 
purchased  on  contract  relatively  free  of  fines  or  small  ore,  it  is  generally 
desirable  to  render  the  plant  as  independent  as  possible  of  market  con- 
ditions. Added  crushing  machinery  for  reducing  all  ores  to  fines  and 
burning  it  all  in  this  condition,  may  even  be  preferred.  The  cost  of 
crushing  and  grinding  in  a  well  designed  plant  is  small,  the  lal3or  of  crush- 
ing is  less  than  the  increased  labor  of  operating  lump  burners,  and  fur- 
thermore the  cinder  from  fines  ore  is  always  better  burned  and  the  waste 
of  sulphur  in  this  way  is  always  smaller  with  the  same  composition  of  ore. 
Properly  operated  they  are  without  question  more  economical,  but  they 
present  certain  drawbacks  which  should  be  recognized. 

First,  the  greater  amount  of  dust  produced  and  in  consequence  thereof 
the  greater  volume  of  the  dust  chambers. 

Second,  the  greater  cost  of  repairs  for  most  types  of  the  burners 
themselves,  as  they  require  more  or  less  frequent  renewal  of  rakes  or 
rabble  blades,  and  at  long  intervals  some  of  them  require  a  complete  renewal 
of  all  arches.  The  crushing  machinery  also  requires  continued  repairs 
and  many  manufacturers  prefer  not  to  thus  involve  themselves.  It  is, 
however,  generally  possible  to  obtain  a  sufficient  quantity  of  fines  for 
regular  dplivery  at  attractive  prices. 

»  Another  type  used  in  Brussels,  Belgium,  prior  to  1882,  employs  the  .heat  from  the 
sulphur  burning  in  the  arched  cast-iron  shell  to  melt  sulphur  in  a  chamber.  This 
molten  sulphur  is  allowed  to  overflow  through  nozzles  and  fall  upon  the  base  plate 
burning  as  it  falls  and  completing  its  combustion  on  the  plate. 
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Crushing  Ore.  If  run  of  mine  ore  is  purchased,  lumps  may  exceed 
12  or  14  in.  diameter  and  a  heavy  crusher  of  the  general  Blake  pattern, 
illustrated'  in  Fig.  114,  should  be  provided  and  located  preferably  below 
the  ground  level.  Feeding  should  be  done  from  an  iron  sheathed  plank 
or  cement  floor.  If  lump  ore  is  to  be  burned  the  product  of  the  breaker 
should  be  elevated  to  a  rotary  screen  of  punched  metal  plates  of  J  to  |  in. 
in  thickness  the  holes  in  which  being  |  in.  in  diameter.  The  amount 
of  fines  made  will  be  dependent  upon  the  diameter  of  these  holes,  the 
character  of  the  ore  and  the  speed  of  the  crusher.  Five-eighths  inch 
holes  with  a  crusher  running  approximately  100  R.P.M.  will  produce 
from  12  to  30  per  cent  of  fines.     From  the  rotary  scrften,  or  riddle,  the 


Fig.  114.— PyritPK  Criiahing  Rolls.' 

fines  should  be  allowed  to  fall  into  a  small  hopper,  and  the  lump.s  into  a 
lai^er  one.  If  all  ore  is  to  be  burned  as  fines  there  should  be  placed, 
preferably  below  the  breaker,  one  or  better  two  sets  of  rolls  illustrated' 
in  Fig.  115,  and  the  breaker  should  be  set  somewhat  closer.  The  breaker 
may  then  be  expected  to  reduce  the  ore  to  about  1|  to  2  in.,  the  first  rolls  to 
1  in.  and  the  second  rolls  from  1  to  ^  in,  or  less.  For  the  delivery  of  fines 
ore  to  fines  burners  a  belt  conveyor  is  well  adapted  and  Link-belt  carrier 
conveyor  with  tripper  has  been  used. 

Wei^iing  the  Charge.  For  lump  burners  the  chaises  are  required  to 
be  weighed  with  moderate  accuracy,  this  is  best  done  by  drawing  directly 
from  the  hopper  into  the  small  industrial  car  standing  upon  scales  specially 
introduced  into  the  track  for  that  purpose.  The  charge  for  each  burner 
is  thus  separately  weighed  and  dumped  before  the  burner, 

I  Made  by  G.  V.  Cresson  Co.,  New  York  City  or  Philadelphia. 
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hvaap  Burners.  The  lump  burner  is  nothing  more  than  the  simplp^i 
pattern  of  deep-bed  coal  fireplace.  As,  however,  the  value  of  its  work 
is  dependent  on  the  production  of  a  rich  and  reliable  gas,  too  much  care 
cannot  be  given  to  its  exterior  tightness,  the  ability  to  regulate  draff 
accurately,  and  to  shake  out  the  cinder  evenly.  Also,  as  it  b  designed  to 
produce  hot  gases  for  concentrating  acid,  the  loss  by  radiation  from  both 
burners  and  flues  should  be  as  small  as  possible.  In  the  long  run  con- 
structive economy  at  this  point  is  apt  to  be  false  economy.  The  money 
spent  in  thoroughly  encasing  the  burfiera  and  properly  insulating  them 
will  pay  large  interest. 

Fig.  116  shows  a  good  type  of  burner  in  which  the  common  flue  is  pro- 
vided with  a  double  arch  top.     All  doors  are  either  hinged  or  their  faces 


Fio.  115.— PyritoB  Breaker. 

inclined,  carefully  planed,  and  therefore  swing  by  gravity  or  latch  against 
the  plaqed  edges  of  the  door  jam,  allowing  little  leakage.  The  ash 
pit  door  D  is  perforated  with  7  or  more  1-in.  boles,  which  can  be  plugged 
to  regulate  the  admission  of  air  below  the  grates.  This  arrangement  is 
found  more  satisfactory  than  a  wheel  or  slide  damper  because  the  adjust- 
ment is  less  likely  to  be  displaced  by  accident.  The  doors  E  admit  the 
shaker  to  the  grate  bars  and  also  permit,  to  some  extent,  barring  near 
the  grate  level.  The  doors  C  are  likewise  provided  for  the  latter  pur- 
pose, raising  lai^e  scars  to  the  surface  of  the  bed,  but  are  ordinarily  not 
often  required  and  may  be  made  of  the  slide  pattern  and  puttied  tight 
if  desired.  Through  the  door  B  the  charges  are  introduced,  and  distributed 
as  quickly  as  possible  over  surface  of  the  fire  bed.  The  upper  doors  F, 
also  slide  doors,  are  not  open  except  for  occasionally  cleaning  the  upper 
flue  and  may  therefore  be  puttied  up  Ix-tween  times.     The  cross-section 
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of  the  upper  flue  should  be  carefully  figured  to  avoid  rapid  currents  of 
gas  that  would  interfere  with  the  exit  of  gases  from  the  individual  burner. 
These  buraers  are  generally  built  from  4  to  5i  ft.  wide  and  4  to  6  ft.  from 
front  to  back. 

Niter  Potting.    Fig.  116  also  shows  one  method  of  potting  niter  (for 
supplying  the  mtric  oxides  to  the  chambers).    The  nitrate  of  soda  and 


sulphuric  acid  are  charged  through  a  tightly  covered  hopper  K,  into  the 

cast  iron  vessel  H,  which  is   supported  on   a   plate   in   an   enlargement 

of  the  common  flue.     Being  thus  subjected  to  beat  from  the  burner  the 

nitric  acid  is  distilled  out.     The  door  /,  is  provided   for  removing  the 

entire  vessel.     The  vessel  may  also  be  provided  with  a  spout  and  a  greater 

excess  of  sulphuric  acid  used  ao  that  the  mixture  remains  fluid  while  hot 

and  can  thus  be  run  out  when  a  temporary  clay  plug  is  removed.     If 

niter  is  to  be  potted  in  this  manner  it  is  best  to  provide  a  number  of 

pots  operated  in  rotation 

and   at   short   intervals, 

but  the  most  satisfactory 

way  of  supplying  niter  to     fl  ^  ■  ^  B  ^ 

the  chambers  is  generally 

in  the  form  of  weak  nitric     ^  ^  ^  ^  ^  ^      p=H-^  B=^3 


ij^r      ^i*«*  ^'^ 


acid.     The  manufacturer 
of  sulphuric  acid  local 
where   no  nitric  acid 


of  sulphuric  acid  located    p^ — ^A-^    ^   B  '^ii    n 

made,   cannot   generally  *  *  ^  cS*" 

buy  at  satisfactory  prices  P,q  ju 

or  afford  to  pay  the  freight 

on  it  for  this  purpose  and  is  therefore  reduced  to  the  potting  of  niter. 

Grate  Bars.  Grate  bars,  detailed  in  Fig.  117,  may  be  made  of  either 
cast  or  wrought  iron,  the  latter  being  more  expensive,  but  in  many  instances 
more  satisfactory. 

Shaking.  Shaking  is  done  by  a  crank  handle  shaker,  which  is  some- 
times provided  with  two  handles  equidistant  on  opposite  sides  of  the 
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center  rod  so  that  both  hands  may  be  used  or  two  men  may  operate  the 
shaker.  Alternate  bars  across  the  burner  are  generally  shaken  and  the 
intermediate  bars  at  the  next  period  with  such  additional  treatment  as  is 
required  to  evenly  bring  down  the  cinder.  This  cinder  is  generally  allowed 
to  accumulate  in  the  ash  pit  and  is  removed  once  in  twenty-four  hours 
with  a  view  to  reducing  the  amount  of  air  allowed  to  leak  into  the  burners. 
From  500  to  900  pounds  can  be  handled  in  each  burner  in  twenty-four 
hours  dependent  on  the  quality  and  richness  of  the  ore.  Both  for 
economy  of  construction  and  saving  of  heat,  burners  are  generally  built 
in  double  lines  back  to  back;  it  is  surprising  what  a  difference  in  operating 
two  or  more  such  double  lines  can  be  noted  between  the  operation  of 
those  burners  which  face  one  another  and  the  burners  on  the  outside  facing 
the  walls  of  the  building.  Good  insulating  burner  walls  are  important — 
second  only  to  stability  of  construction. 

Operation  of  Lump  Burners.    The  burning  of  pyrites 

2FeS + 5^02  =  Fe203 + 2SO2 + 2O2 1 

well  illustrates  a  type  of  combustion  which  is  extremely  easy  when 
draft  is  properly  regulated  and  sufficient  mass  of  the  material  is  in- 
volved, but  which  was  for  many  years  regarded  as  impractical  because 
the  exact  conditions  required  were  misunderstood.  Unlike  coal,  prac- 
tically all  pyrite  is  fusible.  Too  active  a  combustion,  i.e.,  too  free  a 
supply  of  air  in  a  large  fuel  bed  produces  too  high  a  temperature  (about 
900°),  causing  the  pyrites  to  melt  and  "scar  "  or  clinker,  cementing 
the  unburned  lumps  together,  sometimes  enclosing  them  entirely,  thus 
rendering  it  practically  impossible  to  bum  them  until  broken  up,  and 
impossible  to  pass  them  through  the  grates.  A  precisely  similar  result 
attends  insufficient  draft  in  certain  localities  of  the  burner,  particularly 
in  burners  of  large  size.  In  this  case  the  high  temperature  results  not 
from  too  rapid  combustion  but  from  too  small  an  excess  of  air  to  carry 
away  the  products  of  combustion  as  well  as  the  excess  of  heat  at  surround- 
ing points.  The  temperature  theoretically  obtainable  by  combustion 
of  pyrites  exceeds  1000°  C,  which  is  considerably  in  excess  of  that 
required  to  flux  any  of  the  usual  grades  of  pyrites.  The  entire  secret 
of  success  in  pyrites  burning,  lies  in  proper  regulation  of  charge  and 
draft  to  suit  the  other  fixed  conditions  of  design  of  burner  and  character 
of  ore  supplied.  Fortunately  one  excellent  guide  is  always  available, 
the  analysis  of  the  gases  produced  by  the  burners.  This  analysis  should, 
when  ever>i:hing  is  running  properly,  be  made  at  least  twice  a  day  while, 

*  Numerous  secondary  reactions  occur  such  as  direct  oxidation  of  FeS,  CuS,  ZnS, 
etc.  to  sulphates  followed  in  the  case  of  iron  by  decomposition  into  FeO  and  2SOs, 
when  the  temperature  reaches  approximately  550°  C.  Similar  reactions  occur  with 
copper  but  at  a  higher  temperature.  With  zinc  it  is  necessary  to  raise  the  tempera- 
ture to  a  bright  white  heat.  Hence  the  sul[)hates  once  formed  in  the  burners  cannot 
be  decomposed  without  danger  of  melting  the  p\Tites. 
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if  difficulties  are  being  incurred  with  the  burners,  it  is  well  to  make  such 
analyses  hourly.  With  so  many  variable  factors  to  consider  it  will  perhaps 
simplify  matters  (after  making  the  setting  tight)  to  fix  the  draft  at  such  a 
point  that  the  analysis  of  the  gases  shall  lie  between  5  and  8  per  cent  S()2 
and  should  the  burners  then  be  too  hot,  carry  a  shallow  bed  of  fuel.  This 
is  secured  when  already  operating  'by  omitting  or  greatly  reducing  a  few 
charges  without  proportionately  decreasing  the  amount  of  cinder  shaken 
down,  until  hot  cinder  appears,  after  which  the  amount  of  cinder  shaken 
can  be  reduced  to  equality  with  the  smaller  charge.  Both  draft  and  charge 
should  then  be  increased  gradually  until  the  capacity  of  the  burner  is 
obtained.  Herein  lies  the  value  of  being  able  to  determine  what  percentage 
of  sulphur  may  reasonably  be  expected  as  inevitable  in  the  cinder  from  a 
given  ore,  and  the  necessity  of  daily  or  at  least  semi-weekly  determination 
of  sulphur  in  the  cinder. 

All  work  that  it  is  necessary  to  do  with  the  burners  should  be  done 
as  rapidly  as  possible  so  that  doors  may  be  open  the  minimum  time. 
The  successive  rotation  of  the  burners  should  be  as  regular  as  clock  work. 
If  the  number  of  burners  in  a  set  (frequency  of  charging)  is  such  that 
two  burners  are  to  be  charged  at  once  they  should  always  be  as  nearly 
as  possible  diagonally  opposed  to  each  other  on  opposite  sides  of  the  set 
and  the  rotation  should  be  so  arranged  that  the  period  of  greatest  heat 
occurs  in  burners  half  the  length  of  the  burner  set  from  each  other. 
No  red  hot  ore  should  ever  come  through  the  grate  bars;  in  fact,  working 
with  any  usual  depth  of  fuel  bed,  the  ore  when  shaken  down  should  be 
fairly  cool.  Proper  burning  of  the  cinder  is  superficially  indicated  by 
lightness,  porosity  of  surface  and  a  clear  red,  brown,  or  black  shade  (accord- 
ing to  the  character  of  ore)  with  little  evidence  of  mottling,  streaking  or 
apparent  hard  spots.  When  broken  the  ore  should  show  no  kernel,  or 
hard  center  but  should  have  substantially  the  same  texture  throughout, 
except  right  at  the  surface  it  is  likely  to  be  more  porous  and  frequently 
is  checked  by  numerous  cracks. 

Fines  Burners.  The  early  designs  of  narrow  staggered  shelf  burners, 
and  broad  shelf  burners  rabbled  by  hand  need  hardly  claim  our  attention 
to-day  in  view  of  the  extent  to  which  the  mechanical  furnace  has  been 
developed.  McDougall  Bros,  started  the  development  of  the  circular 
or  rotary  fines  burner  in  the  seventies  in  England  at  about  the  same 
time  as  Perret  in  France.  Modifications  were  made  and  patented  from 
time  to  time  by  these  inventors,  by  Mackenzie,  Frasch,  Herreshoff  and 
others.  The  two  latest  and  most  perfect  rotary  patterns  are  the  air- 
cooled  O'Brien  and  the  water-cooled  Wedge  burners.  Even  though  the 
former  is  almost  a  toy  compared  with  the  latter  it  fills  its  place  in  smaller 
works  burning  5  to  15  tons  a  day.  The  best  running  capacity  of 
the  O'Brien  on  high  grade  ore  smaller  than  i  in.  is  about  6000  to  7000 
lbs.  per  day.  The  same  furnace  can  properly  bum  9000  or  even  10,000 
lbs.,  but  repairs  become  excessive.     Wedge  furnaces  range  from  12  to 
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32  ft.  in  diameter,  with  5  to  7  hearths.    The  21|  ft.  furnace  has  a  capacity 
of  28,000  to  48,000  lbs.,  and  weighs  about  304  tons. 

The  O'Brien  Burner.  Fig.  1 18  shows  the  O'Brien  burner,  the  mechanical 
features  of  which  need  little  explanation.  The  central  shaft  A  is  cooled 
by  the  vertical  current  of  air  passing  up  through  it.  The  arms  B  are 
likewise  hollow  and  subdivided  lengthwise  nearly  to  the  outer  end  in  such 
a  manner  that  a  portion  of  the  current  of  air  is  drawn  out  sidewise  through 
one  side  and  back  again  to  the  hub  by  the  draft  of  the  central  shaft  act- 
ing as  a  stack.  The  arms  are  secured  by  hubs  C  tightly  fitting  into  the 
central  shaft.    The  inner  end  of  the  arm  tapers,  is  inserted  with  the 


Fig.  118. 


blades  D  turned  sidewise  and  locks  with  a  quarter  turn  on  its  own  axis 
in  the  direction  which  the  drag  of  the  ore  on  the  blades  along  its  bottom 
tends  to  continue.  Thus  the  action  of  rotation  around  the  central  shaft 
tends  to  lock  the  arms  more  firmly  into  the  hubs,  at  the  same  time  they 
can  be  turned  up  in  the  opposite  direction  by  a  special  tool,  removed  and 
replaced  in  a  few  minutes.  The  rabble  blades  are  cast  as  part  of  the  arm, 
and  given  an  angular  position.  They  are  carried  around  the  central 
shaft,  slowly  moving  the  ore  outward  or  inward  on  the  alternate  shelves. 
The  shelves  raked  inward  have  an  opening  E  around  the  central  shaft 
through  which  the  gas  passes  up  and  the  ore  falls  down.     The  alternate 
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shelves    have    openings    F   at    the    i>eriphery  for    the    same    purpose. 

A  screw  feed  from  the  hopper  G  gives  an  excellently  regulated  supply 

of  ore  and  the  cinder  passes  out  through  the  bottom  chutes  H  that  supply 

a  portion  of  the  air  for  burning.     Two  doors  /  are  provided  to  each  shelf 

for  removal  of  arms  and  have  wheeled  draft  openings  J  that  serve  also 

as  peep-holes  for  observing  temperatures.     Access  to  these  peep-holes 

and  to  the  top  of  the  burner  is  provided  by  iron-side  ladders,  and  a 

movable  working  platform  of  wood  serves  when  removing  the  rake  arms. 

The  hot  air  from  the  burner  shell  and  the  central  shaft  are  profitably  used 

in  thoroughly  drying  the  ore.     Rotation  is  imparted  to  the  shaft  A  by 

a  very  cheap  and  simple  gear  which  is  nearly  the  whole  diameter  of  the 

burner  and  is  made  by  bolting  segmental  sheets  L  of  A  in.  steel  to  a  flange 

M  on  the  lower  end  of  the  shaft,  uniting  the  periphery  of  the  circular 

plate  thus  formed  with  cheap  cast  iron  sections  of  curved  racks  N  which 

in  turn  rest  upon   small   pinions  O.      If  anything   catches   inside  the 

burner  the  weight  of  the  rack  becomes  insufficient  to  keep  the  gears  meshed 

and  the  racks  jump  without  breaking  or  injury,  only  making  enough 

noise  to  call  attention  quickly  to  the  trouble.     A  vertical  chain  drive  P 

actuates  the  large  sprocket  on  the  screw  shaft  Q  from  the  main  pinion 

shaft  below. 

The  Wedge  Burner.  The  Wedge  burner,  Fig.  119,  is  naturally  more 
substantial  in  every  respect  as  required  by  its  heavier  duty.  The  central 
shaft  A  is  large  enough  to  admit  a  workman,  its  temperature  being  at 
all  times  low  enough  to  i>ermit  his  making  any  repairs  that  may  be  neces- 
sary. Each  arm  B  is  separately  water-cooled  and  strongly  secured  to  the 
shaft  by  a  heavy  breech  block  C,  also  water-cooled,  while  the  rabble  blades 
are  individually  removable  and  replaceable  with  practically  no  interrupH 
tion  of  the  fiumace.  The  hearths  are  level  and  have  openings  E  near  the 
shaft  and  F  at  the  outer  edge  for  dropping  ore  and  permitting  the  rise  of 
gases.  The  entire  top  of  the  burner  G  serves  as  a  combined  feed  hopper 
and  feed  table  being  provided  with  its  own  special  arms  and  tripper  rakes 
that  swing  back  imder  the  excessive  load  of  deep  piled  ore  thus  regulating 
the  feed  at  the  center  even  if  the  ore  is  piled  high  at  the  sides,  at  the  same 
time  gradually  distributing  such  a  pile  evenly.  The  supply  of  ore  entering 
around  the  shaft  through  a  sand-lute  continually  renews  the  lute  and 
further  regulates  the  feed,  cinder  being  discharged  through  the  chute 
H,  Repair  doors  /,  poke  and  peep-holes  J  are  likewise  provided.  The 
central  shaft,  all  arms  and  moving  parts  are  supported  on  the  gear  My 
by  means  of  the  four  roller  bearings  N^  traveling  on  the  smooth  outer 
face  of  the  gear,  the  whole  being  merely  centered  by  the  bottom  pin  P 
giving  a  rigid  central  shaft  with  no  "  steppe  ''  or  base  block,  prac- 
tically without  wear,  friction  being  almost  wholly  rolling.  Obviously 
the  feed  is  here  strictly  dependent  on  the  operation  of  the  rake  arms  and 
over  feeding  or  clogging  is  almost  impossible  as  is  also  the  failure  of  the 
water-cooled  arms.     Nevertheless  the  driving  pinion  0  is  actuated  by  a 
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shear  pin  in  the  hub  of  the  gear  0  that  cuts  off  if  any  serious  obstructioD 
takes  place  in  the  furnace. 

For  the  burning  of  special  ore,  zinc  blend,  etc.  particular  types  of 
furnaces  have  been  devised,  but  it  is  not  within  the  province  or  space 
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allotted  for  this  work  to  consider  them  in  detail.^  Other  types  of  fines 
burners  are  built  on  the  drag  conveyor  principle  or  reciprocating  rake 
principle,  but  are  less  used  than  the  rotary  furnace  and  less  practical 
for  most  purposes. 


^  A  number  of  devices  for  this  purpose  are  indicated  in  Lunge's  ^* Sulphuric  Acid 
and  Alkali,"  and  in  the  special  books  on  metallurgy. 
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Operation  erf  Fines  Burners.  Mechanically  the  operation  is  extremely 
simple,  consisting  of  feeding  substantially  equal  quantities  of  ore  in 
equal  periods  of  time  by  means  of  a  ram,  screw,  rake,  or  similar  device. 
The  regularity  of  the  feed  is  of  great  importance  so  that  conditions  effect- 
ing it,  i.e.,  speed  of  shafting,  etc.,  should  be  properly  controlled.  Nearlj"^ 
all  types  of  burners  make  the  feeding  device  subsidiary  to  the  rotating 
mechanism,  stopping  the  feed  in  case  for  any  reason  the  rotation  ceases. 
This  is  most  perfectly  done  in  the  Wedge  furnace.  The  skipping  of  the 
O'Brien  only  calls  attention  to  the  trouble.  While  it  is  obviously 
necessary  to  prevent  the  clogging  up  of  the  burner,  it  is  not  by  any  means 
the  only  requirement.  A  10  per  cent  variation  in  the  speed  of  shafting 
either  reduces  the  capacity  of  the  burners  or  results  in  unconsumed 
sulphur.  For  most  acid  making  purposes  the  air  enters  cold  partly 
through  adjustable  openings  in  the  doors  and  partly  through  draft  open- 
ings in  the  bottom,  gases  increase  both  in  richness  and  temperature  in 
passing  up  through  the  burners,  taking  a  long  alternating  course  from  the 
center  to  the  periphery  and  back  again  for  each  pair  of  shelves.  The 
rotating  mechanism  carries  the  stirrers,  scrapers,  shoes,  ploughs  or 
rakes  as  they  are  variously  called,  set  at  an  angle  alternately  pointing 
inward  and  outward  so  that  while  the  general  movement  of  the  ore  is 
circular  on  each  shelf,  it  is  also  spiral  toward  or  away  from  the  center. 
Also  it  is  turned  or  rolled  upon  itself  in  such  a  manner  as  to  expose  all 
portions  of  the  ore  and  being  finely  divided  the  best  possible  access  of 
oxygen  to  the  unconsumed  sulphur  is  permitted. 

Starting  the  Furnace.  Starting  of  the'  furnaces  is  carried  out  in 
much  the  same  way  with  lump  or  fines  burners.  When  new  they  should 
be  dried  out  slowly  with  small  wood  fires  and  a  good  supply  of  air,  but 
with  no  violent  draft.  This  requires  from  two  to  four  weeks.  The 
fires  are  then  rebuilt  on  a  cinder  bed  and  forced  steadily  until  the  burner 
becomes  red  hot.  The  burner  is  then  quickly  cleared  of  large  pieces 
of  wood  and  the  supply  of  ore  started.  Suspension  of  operation  or  hold- 
overs cannot  be  much  prolonged  with  the  smaller  burners  unless  special 
precaution  has  been  taken  to  jacket  them  against  heat  losses  and  provide 
most  carefully  against  the  leakage  through  doors.  If  this  is  done  the  fines 
burners  hold  over  quite  satisfactorily  from  two  to  five  days  according  to 
size;  lump  burners  hold  over  longer.  Minor  repairs  to  the  burners 
require  no  hold-over,  but  should  repairs  to  an  arch  be  necessary,  it  is 
apt  to  necessitate  a  complete  shut-down  and  over-hauling  of  the  burner 
for  which  no  period  of  hold-over  would  suffice  and  for  which  any  con- 
siderable heat  in  the  burner  would  make  working  impossible.  The  special 
tools  furnished  each  type  of  burner  require  no  particular  description  as 
their  uses  will  be  specific  to  the  t>T)e  of  burner  and  almost  obvious  from 
their  mechanical  construction. 

Regulation  of  Furnaces.  Certain  general  instructions  may  be  given 
for   regulation  of  fines  burners.    The  distribution  of  temperatures  from 
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shelf  to  shelf  is  regulated  by  increasing  the  draft  to  raise  the  heat  zone 
or  by  decreasing  the  charge  when  the  lower  shelf  becomes  too  hot  with 
the  central  hot  zone  too  low.  Sulphiding  of  rabble  blades  indicates  too 
little  draft  or  too  rapid  charging.  The  O'Brien  burners  are  apt  to  show 
slightly  decreased  capacity  in  hot  (summer)  weather,  less  noticeable  in 
the  larger  burners.  Wedge  burners  can  be  operated  on  pretty  wet 
(almost  sloppy)  ore  bul^  the  O'Brien  burners  do  not  give  their  capacity 
unless  ore  is  fairly  dry — the  drier  the  better.  Very  wet  ore  affects  the 
Wedge  capacity  somewhat,  but  very  much  less  because  of  the  large  hopper 
area  of  the  top  and  the  drying  action  that  takes  place  there.  One  great 
advantage  presented  by  the  large  burners  with  their  enormously  long 
travel  of  ore  is  the  conversion  of  SO2  to  SO3  by  the  partly  burned  ore 
itself.  As  much  as  10  to  15  per  cent  of  the  SO2  may  be  so  converted  with 
a  consequent  increase  of  chamber  capacity  and  greatly  improved  action 
of  the  Glover  tower. 

Dust  Prevention   and  Collection.     As  has  been   stated  the  use  of 
fines  biuners  is  advantageous  in  most  respects.    Proper  design  and  selec- 
tion can  overcome  all  serious 

4 * ..    objection  to  repairs.     But 

the  quantities  of  dust  usually 
carried  over  into  the  Glover 
are  objectionable.  Little 
attention  has  hitherto  been 
given  to  its  prevention,  but 
much  to  its  collection.  With- 
out considerable  expense  for 
operating  fans,  complete 
purification  of  hot  burner 
gases  from  dust  may  as  yet 
be  regarded  as  practically 
impossible. 

Water-cooled  Flues.  Of 
the  older  styles  of  dust 
separators.  Fig.  120  shows 
a  water-cooled  flue,  in  which  the  velocity  and  temperature  of  the 
gases  were  reduced,  thus  depositing  the  dust.  In  these  enlargements 
the  gases  were  supposed  to  come  nearly  to  rest  and  lose  the  velocity 
which  enabled  them  to  carry  the  particles  of  dust  along.  They  were 
found  to  be  only  moderately  successful. 

Baf9e  Plate  Separators.  Baffle  walls  or  plates  were  then  intro- 
duced, Fig.  121,  and  found  to  give  much  better  results  on  very  fine  dust. 
Unfortunately  their  introduction  subdivided  the  settling  space  and 
increased  the  velocity  of  the  gas  currents  again.  Numerous  vertical 
partitions  or  curtains  parallel  to  the  direction  of  the  gases,  Fig.  122,  with 
dampers  for  alternately  shutting  off  one  side  while  cleaning,  also  gave 
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good  Faults,  but  were  by  no  means  satisfactory.  The  material  had  to 
settle  too  far  and  vertical  currents  circulated  within  the  divisions  owing 
to  differences  of  temperature  of  the  sides  or  top  and  the  bottom. 

Centrifugal  Separators.  A.  P.  O'Brien  (Mineral  Industry,  Vol.  9, 
p.  632)  introduced  a  centrifugal  dust  separator,  Fig.  123,  entirely  feasible 
wherever  a  fan  is  used  and  giving  excellent  results  for  all  larger  sized  dust. 
He  adapted  it  to  serve  also  as  a  niter  oven,  by  introducing  through  the 
conical  body  A  cast  iron  pots  B  that  were  hardly  calculated,  however,  to 
improve  the  centrifugal  action.  The  pots  can 
be  conveniently  charged  from  the  top  and 
emptied  from  the  bottom.  Dust  is  discharged 
from  the  apex  of  the  conical  bottom  without 
interrupting  the  operation.  Only  about  75  per 
cent  of  the  dust  from  fines  burners  was  recovered. 


Fig.  121. 


Fig.  122. 


Fig.  123. 


Modem  Separators.  Early  in  the  efforts  to  purify  gases  for  the 
contact  system  it  was  observed  by  workers  here  and  in  Europe  that 
burner  gas  drawn  through  a  1-in.  pipe  into  the  laboratory  showed  prac- 
tically no  contamination  of  the  contact  mass.  As  will  be  seen  later, 
this  means  a  degree  of  purity  which  is  almost  absolute  freedom  from 
suspended  matter.  This  peculiar  method  of  purifying  gases  by  slow 
flow  through  pipes  of  small  diameter  was  pointed  out  by  Knietsch  in 
1900  in  his  account  of  the  preliminary  work  of  the  Badische  Analin  u. 
Soda  Fabrik.  Seeking,  however,  to  avoid  the  multiplicity  of  small  pipes 
that  would  be  required  by  this  method,  Henry  Howard,  U.  S.  Patents 
Nos.  970,053  and  896,111  provides  what  has  proven  to  be  one  of  the  best 
dust  collectors  yet  devised.  It  consists  of  a  series  of  horizontal  parallel 
shelves,  an  inch  or  so  apart  across  which  the  gases  pass  in  a  slow  stream. 
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from  a  general  inlet  chamber  to  a  general  outlet  chamber.  The  results 
obtained  are  truly  astonishing,  even  dust  ordinarily  regarded  as  impalpable 
being  largely  retained.  No  attempt  has  been  made  in  the  patent  to 
cover  the  process  of  purification  by  passage  through  small  tubes  and  it 
is  doubtful  if  this  process  would  be  patentable  in  view  of  the  publication 
of  Knietsch's  results  ten  years  ago.  Some  results  obtained  on  a  small 
scale  indicate  that  the  tubular  form  is  an  even  more  efficient  purifier 
than  the  shelf,  although  of  course  the  space  occupied  in  the  plant  is  not 
so  efficiently  used.  Nevertheless  it  is  apparent  that  a  highly  efficient 
dust  collector  could  be  so  constructed. 

Likewise  in  contact  process  work  it  was  observed  that  gases  could 
be  purified  to  a  surprising  degree  by  "  filtration  "  through  layers  of  small 
coke  lumps,  cinder  from  the  burners,  etc.  Dust  catchers  which  con- 
sisted in  filtering  the  gases  through  cinder  were  at  first  quite  unsatis- 
factory, because  the  cinder  used  was  itself  a  great  source  of  dust  and 
no  provision  was  made  for  interrupting  or  alternating  the  gas  currents 
while  shaking  out  the  lower  layers  that  became  clogged  with  dust. 
The  inventor  of  the  Wedge  burner  has,  however,  met  these  objections 
and  given  us  a  dust  collector  free  from  these  criticisms.  On  inclined 
grates  are  supported  sets  of  filters  consisting  of  beds  of  marbles  ^  in. 
in  diameter  and  from  2  to  4  ft.  deep.  These  make  an  extremely 
complete  dust  separation,  much  more  so  than  irregularly  shaped  lumps 
and  carry  the  collected  material  do^Ti  with  them. 

Chamber  Plant.  The  clearest  understanding  of  the  chamber  plant 
will  be  obtained  by  first  describing  the  general  method  of  carrying  out 
the  process  and  then  indicating  modifications  at  one  point  or  another 
with  the  changes  in  form  of  apparatus  involved. 

The  sulphur  gases  obtained  are  constituted  as  follows:^ 


SOa 

Oj 

N, 

COi 

Sulphur  burners \     11  0-6% 

Pyrites  burners |       8.5-5% 

MetallurKical  Eases 8.0-2% 

10.0-15% 
10.5-14% 
10.0-  6% 

79% 

82% 

0-8% 

vr      v-f   /fj 

The  dust  having  been  separated  the  hot  gases  enter  at  the  bottom 
of  the  Glover  tower  (4),  Fig.  124,  and  pass  upward  through  packing  or 
filling  occupying  the  interior  of  this  tower.  Here  they  meet  a  down- 
flowing  stream  of  aqueous  sulphuric  acid,  evaporate  the  water  from 
this  aqueous  acid  and  give  up  part  of  their  heat  in  the  process,  at  the  same 
time  supplying  a  portion  of  the  steam  required  for  the  first  stages  of  the 
reaction  in  the  chamber  proper.  Higher  up  in  the  Glover  tower  this 
moisture  and  heat  perform  a  further  function  in  that  they  help  to  drive 
out  the  lower  oxides  of  nitrogen  from  the  "  nitrous  vitriol "  fed  into 
the  top  of  the  Glover  tower  along  with  the  aqueous  acid. 

^  SO3  varying  from  .2  to  2%  is  here  included  as  SO2  and  G2- 
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Near  the  top  of  the  Glover  is  a  favorite  place  for  locating  a  fan  (4) 
if  none  has  preceded  the  Glover  tower.  At  (4)  the  fan  may  blow  hor- 
izontally, or  vertically  downward  into  the  chambers. 

It  is  customary  to  make  the  first  chamber  (5)  fairiy  large,  as  the  gases 
are  at  first  converted  rapidly.  Removal  of  the  end  products  by  cooling 
and  thorough  mixing  to  facilitate  further  conversion  becomes  necessary. 
The  addition  of  water  in  some  form  to  take  part  in  this  further  conversion 
does  not  arise  imtil  equilibrium  is  approached  and  the  conversion  begins 
to  slow  down.  At  this  earlier  stage  in  the  process  the  corrosive  action 
of  the  gases  is  greatest  and  it  is  not  desirable  to  expose  too  great  a  surface 
to  deterioration.  The  gases  are  generally,  therefore,  introduced  into  the 
lai^e  chamber  (5)  wherein  approximately  one  third  of  the  conversion  is 
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Fig.  124. 


expected  to  take  place.  Some  heat  is  removed  by  conduction  and  radiation 
from  the  walls  and  ceiling,  condensation  occurs  on  both  these  surfaces  and 
to  some  extent  incipient  condensation  in  the  mass  of  the  gas  owing  to  the 
formation  of  acid  of  a  strength  which  is  not  volatile,  which  therefore  tends 
to  precipitate  in  mist  or  rain,  so  that  in  the  later  part  of  their  passage 
through  a  large  first  chamber  the  gases  require  more  moisture  either  as 
steam  or  spray.  Personally  the  writer  doubts  the  relative  value  of  very 
large  first  chambers.  From  the  first  chamber  in  which  approximately 
one  third  of  the  acid  is  usually  produced  (exception,  see  Falding,  p.  185), 
the  gases  pass  to  other  chambers  or  towers  (6)  to  (10)  which  may  be  empty 
or  may  be  provided  with  suitable  packing  or  with  perforated  plates  designed 
to  promote  the  mixture  of  gases  and  moisten  them  by  supplying  acid  or 
water  at  the  top  of  the  tower.  The  use  of  cold  liquid  sprayed  into  chambers 
or  fed  to  intermediate  towers  (6),  (8),  (10)  greatly  increases  the  ability 
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to  remove  heat  from  the  gases  and  makes  up  for  the  absence  of  conducting 
and  radiating  surfaces  lacking  in  the  larger  sized  chambers,  or  shut  off 
by  acid  proof  lining  of  the  towers.  Large  empty  chambers  are  more 
commonly   used,   or   large   chambers   without   packing,   but   alternated 


with  high  narrow  chambers  packed  either  with  the  Lunge-Rohrmann 
plates,  see  Fig.  125,  or  with  some  arrangement  of  bricks  or  tiles  found 
to  be  cheaper.     The  purpose  of  any  special  arrangement  is: 

1.  To  promote  the  mixture  of  the  gases. 

2.  To  expose  the  largest  possible  surface  of  liquid  to  the  gases. 
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3.  To  vary  the  temperature  of  the  liquid  surfaces  as  frequently  and 
widely  as  possible. 

4.  To  provide  sufficient  space  (time)  for  practically  completing  the 
conversion  of  the  SO2  to  H2SO4,  under  the  conditions  to  which  the  par- 
ticular design  subjects  it. 

These  chambers  are  followed  by  a  cooling  device  consisting  of  either 
unpacked  towers  (11)  or  of  a  long  flue  connecting  the  chief  reaction  space 
with  the  apparatus  for  recovering  the  lower  oxides  of  nitrogen  after  they 
have  performed  their  function  in  uniting  the  SO2,  0,  and  H2O  to  form 
H2SO4.  Between  the  last  chamber  and  the  final  (Gay-Lussac)  towers 
is  another  preferred  location  for  a  fan  (12)  when  used  to  furnish  draft 
for  the  system.  This  absorbing  apparatus  ^  (Gay-Lussac  tower)  (13) 
is  frequently  duplicated  by  a  second  Gay-Lussac  (14)  to  insure  complete 
recovery  by  the  lower  oxides. 

From  the  Gay-Lussac  the  gases  now  almost  completely  purified  from 
both  SO2  and  oxides  of  nitrogen  are  finally  discarded  through  the  stack. 
A  fan  is  sometimes  used  here.  If  mechanical  draft  (a  fan)  has  not  been 
introduced  somewhere  along  the  line  it  is  customary  to  introduce  either  a 
steam  jet  or  a  damper  in  the  stack  for  regulation  of  draft.  It  is  always 
best  to  provide  both. 

Having  followed  the  passage  of  the  gas,  the  equally  important  move- 
ment of  the  liquids  should  be  considered.  Sulphuric  acid  is  formed  in 
the  last  chamber  by  the  bringing  together  of  SO2,  O  and  H2O  by  means 
of  the  oxides  of  nitrogen.  It  is  precipitated  upon  the  walls  and  collects 
on  the  floor  of  the  chamber,  being  the  weakest  (48  to  50°)  and  purest  acid 
made  in  the  system.  From  here  it  is  sometimes  taken  directly  for  separate 
concentration  when  a  purer  acid  than  ordinary  chamber  acid  is  required. 
Generally  it  flows  forward  into  the  next  chamber  where  it  is  slightly 
strengthened  by  the  stronger  acid  made  in  the  warmer  chamber,  but  it  is 
also  slightly  contaminated  by  the  greater  quantity  of  dust  settling  there, 
the  greater  action  on  the  lead  walls  and  the  greater  amount  of  AS2O3 
etc.  in  the  gas.  And  so  on  down  the  series  of  chambers  imtil  it  reaches 
52-54°.  Thence  it  may  be  partly  withdrawn  for  use  and  sale  or  for 
separate  concentration,  or  taken  to  the  storage  tank  (15).  Most,  if  not 
all,  of  this  acid  may  be  elevated  from  the  tank  to  the  top  of  the  Glover 
tower  (3)  and  mixed  with  "  nitrous  vitriol  "  or  run  in  through  the  sealed 
openings  to  mix  with  "  nitrous  vitriol "  in  the  upper  zone  of  the  tower. 

'  Where  one  tower  alone  is  used  it  is  generally  filled  with  coke,  specially  made 
axsid-proof  stoneware  shapes,  or  pumice  stone.  Where  two  towers  are  provided  the 
first  is  sometimes  packed  with  Lunge-Rohrmann  plates,  Fig.  125,  rhomboidal  brick, 
or  simpler  open  packing  of  stoneware,  the  second  and  final  tower  of  the  system  with 
smaller  rhomboidal  brick,  coke,  or  pumice.  The  Gay-Lussacs  are  supphed  with  strong 
sulphuric  acid  approximately  60°  B^.  in  which  the  lower  oxides  of  nitrogen  readily 
dissolTe  though  not  completely,  always  escaping  to  some  slight  extent  with  the  exit 
gases  so  that  one  of  the  cost  factors  in  the  production  of  chamber  acid  is  always  the 
loss  of  ''niter"  which  it  is  necessary  to  replace. 
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At  first  it  is  concentrated  by  mixing  with  the  nitrous  vitriol  and  then 
diluted  from  the  steam  condensed  by  the  two  cold  acids.     It  also  loses  by 
conversion,  anye  xcess  of  oxides  of  nitrogen  or  SO2  it  contained  and  helps 
to  liberate  the  lower  oxides   from  their    solution  in  the  60°  "  nitrous 
vitriol.'*     Meeting  the  SO2  of  the  burner  gases  the  nitric  and  nitrosyl 
sulphuric  are  decomposed  and  the  resulting  oxides  of  nitrogen  carried 
along  by  the  burner  gases.      As  it  trickles  down  the  acid  is  further  heated 
by  the  hot  gases  and  soon  begins  to  lose  water  rapidly  and  becomes  con- 
centrated, flowing  from  the  bottom  of  the  tower  into  coolers  (16)  with 
strength  of  between  59  and  61°  B^.     This  is  the  "  Glover  tower  acid  " 
containing  most  of  the  arsenic  and  dust  from  the  ore  that  is  not  held  back 
by  the  dust  catching  devices  (1).     It  generally  contains  a  little  SO2  and 
is  nearly  free  from  oxides  of  nitrogen  though  quite  capable  of  dissolving 
them  readily  when  cold.     A  portion  of  this  strong  acid  is  elevated  to  the 
top  of  the  Gay-Lussac  tower  (14)  where  it  trickles  down  against  the  out- 
going gases  thus  dissolving  and  recovering  the  final  portions  of  the  nitrous 
gases   not    absorbed   in  the   preliminary   Gay-Lussac    (13).     From   the 
bottom  of  the  Gay-Lussac  tower  the  acid  flows  to  a  storage  tank  (18). 
The  excess  of  this  circulating  acid  formed  by  the  continual  addition  of 
weaker  nitrous  vitriol  from  (14)  is  the  strong  nitrous  vitriol  that  goes  to 
the  top  of  the  Glover  (3)  and  returns  the  recovered  nitrous  gases  to  the 
cycle  of  the  process. 

Reactions  in  the  Glover  Tower.  The  gases  as  they  come  from  the 
burners  usually  contain  from  6  to  8  per  cent  SO2,  0.5  to  1.5  per  cent  SO3, 
8  to  12  per  cent  O2,  a  little  H2O,  some  dust  and  nitrogen  and  are  hot. 
With  large  dust  chambers  their  temperature  may  be  as  low  as  150  to  200°  C. 
The  hotter  the  better,  however,  for  the  work  the  Glover  has  to  do.  The 
reactions  liberate  much  steam  so  that  about  half  the  moisture  required 
for  the  chamber  process  is  carried  along  with  the  lower  oxides  of  nitrogen 
and  SO2  into  the  chamber.  If  the  acid  is  diluted  to  about  58®  B^.  (74.35 
per  cent)  nearly  all  niter  is  liberated  at  which  SO2  greatly  assists  by 
acting  on  the  niter  itself.  It  is  customary,  therefore,  to  feed  the  top  of  the 
Glover  with  cold  60°  (77.67  per  cent)  acid  used  at  the  end  of  the  process 
(Gay-Lussac  tower)  for  recovering  the  lower  oxides  of  nitrogen,  and  also 
with  water  or  chamber  acid,  preferably  the  latter,  because  the  mixture 
can  be  more  readily  made  outside  the  Glover  with  less  heating  and  without 
evolution  of  nitrous  fumes  and  because  the  chamber  acid  is  thereby 
concentrated  in  the  Glover  instead  of  so  much  useless  water  being  intro- 
duced into  the  system  where  it  is  not  needed.  This  strong  "  nitrous 
vitriol  "  and  the  weak  acid  are  often  separately  fed  into  the  top  of  the  Glover 
tower  (3)  through  properly  trapped  holes  (see  p.  173),  but  are  often  mixed 
outside  or  just  as  they  flow  in.  The  cold  acid  condenses  and  absorbs 
steam  rising  from  the  lower  part  of  the  Glover  and  the  packing  of  the 
tower  should  be  of  a  character  to  facilitate  their  mixture  and  the  heating 
of  the  liquid,  but  not  to  facilitate  it  too  soon.     The  liberation  of  these 
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lower  oxides  in  the  Glover  tower  along  with  the  moisture,  gives  us  imme- 
diately the  conditions  requisite  for  the  formation  of  sulphuric  acid  and, 
in  a  well  operated  and  designed  tower,  there  is  accomplished  here  nearly 
20  per  cent  of  the  total  formation  of  acid  of  the  chamber  plant.  To 
secure  this  and  at  the  same  time  to  secure  freedom  of  the  acid  at  the 
bottom  of  the  tower  from  the  oxides  of  nitrogen,  several  conditions  are 
requisite. 

First,  the  mixture  of  strong  and  weak  acid  should  be  equal  and 
thorough. 

Second,  this  mixture  should  penetrate  to  some  degree  below  the  top 
of  the  tower  before  being  subjected  to  too  much  heat. 

Third,  sufficient  heat  (120°  F.)  should  then  be  applied  to  insure  the 
rapid  evolution  of  lower  oxides  of  nitrogen  in  the  presence  of  SO2  and 
ample  moisture  before  the  liquid  has  penetrated  too  far  down  the  tower. 
It  is  not  rational,  to  use  the  same  material  for  the  entire  filling  of  the 
Glover  tower.  Three  distinct  operations  are  to  be  carried  out  therein. 
At  the  top  of  the  tower  the  nitrosyl  sulphuric  acid  from  the  Gay- 
Lussac  and  weaker  acid  from  the  chambers  is  to  be  mixed  together 
with  any  nitric  acid  that  may  be  used  for  maintaining  niter  content  of 
the  system.  Just  below  this  mixing  zone  should  occur  the  zone  of  heating 
and  reaction,  the  reaction  extending  back  up  through  the  mixing  zone 
and  into  the  chambers.  Next  we  have  the  zone  of  combined  concentra- 
tion and  denitration  in  which  the  latter  predominates.  Up  to  a  strength 
of  approximately  59°  Bd.  sulphuric  acid  can  be  denitrated  by  hot 
sulphurous  acid  gas,  but  unless  the  acid  is  somewhat  weaker,  the  reaction 
is  not  complete  even  in  the  presence  of  considerable  water  vapor  from 
the  concentration  going  on  in  the  bottom  of  the  tower.  It  is,  therefore, 
desirable  to  have  the  acid  reach  the  zone  of  final  denitration  not  stronger 
than  58**  B^.  The  nitrogen  compound  most  permanently  resisting  the 
separation  from  the  sulphuric  is  the  nitrosyl  sulphuric  acid.  The  dis- 
solved gases  are  removed  very  much  higher  up.  The  reaction  by  which 
the  last  traces  of  nitrosyl  sulphuric  acid  are  removed  is  probably  as 
follows: 

2NO2HOSO2+SO2+2H2O  =  3H2S04+2NO 

This  NO  together  with  the  remaining  water  from  the  concentration 
below  proceeds  on  up  the  tower  and  is  quite  capable  of  reacting  under  the 
existing  conditions  for  a  further  formation  of  the  nitrosyl  sulphuric  acid, 
or  of  sulphuric  acid  direct.  The  oxidation  of  NO  in  the  presence  of  sul- 
phuric acid  does  not  proceed  to  N2O4  or  HNO3.  Probably  the  NO 
reacts  \^'ith  the  sulphuric  as  follows:  2NO+2H2S04+^02  =  2N02HOS02 
+H2O  though  under  the  conditions  at  the  lower  portion  of  the  zone  this  re- 
action would  be  slight.  Likewise  2N0-h2S02+H20+ UO2  =  2NO2HOSO2, 
a  reaction  more  likely  to  occur  at  this  point.  Owing  to  the  condition.^?  of 
high  temperature  and  ample  humidity,  however,  neither  reaction  is  likely 
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to  proceed  at  all  near  completion  and  much  NO  will  pass  up  the  tower 
along  with  the  oxygen  and  be  converted  into  N2O3  by  simultaneous 
absorption  in  sulphuric  and  oxidation. 
Probably  the  reaction 

N2O3+2H2SO4  =  2NO2HOSO2+H2O, 

takes  place  in  the  lower  portion  of  this  zone  and  the  reaction 

N203+2S02+H20+02  =  2N02HOS02, 

somewhat  higher  up.  The  gases  passing  into  the  upper  zone  of  the  Glover 
tower  carry  an  excess  of  moisture  and  are  excellently  equipped  both  by 
moisture  and  temperature  to  work  the  reversible  reaction  N2O4+H2SO4 
==N02HOS02+HN03.  Here  they  likewise  meet  a  liberal  supply  of 
nitrosylsulphuric  acid  brought  from  the  Gay-Lussac  towers  mixed  with 
the  weaker  chamber  acid,  which  enables  this  reaction  to  be  more  easily 
reversed.  The  N2O4  resulting  therefrom  is  in  excellent  position,  there- 
fore, to  act  upon  any  product  in  the  upper  portion  of  the  tower  im- 
mediately upon  its  entrance.  The  nitric  acid  added  for  the  maintenance 
of  the  niter  content  of  the  system  may  well  be  the  subject  of  this 
reaction  for  HN03+3H2S04+N202=3N02HOS02+2H20.  From  the 
upper  zone  of  the  Glover  tower,  therefore,  the  gases  pass  off  into  the 
chambers  at  a  temperature  of  about  60°  to  90°  C.,  generally  under  nor- 
mal conditions  about  80°  C.  with  about  15  per  cent  of  their  SO2  con- 
verted, laden  with  moisture  and  also  laden  with  lower  oxides  of  nitrogen.* 
Below  the  mixing  reacting  and  denitrating  zones  of  the  tower,  begins 
the  upper  portion  of  the  concentration  zone.  Here  the  gases  contain 
so  much  SO2  and  are  sufficiently  hot  and  saturated  with  steam  to  eject 
from  the  down-flowing  liquid  all  traces  of  nitrogen  compounds,  before 
reconcentration  has  progressed  too  far  (58-59°  B6.),  which  would  cause 
the  acid  to  retain  oxides  of  nitrogen.  Finally  at  the  bottom  of  the  tower 
there  should  be  sufficient  zone  of  high  temperature  left  for  the  concentra- 
tion of  all  the  acid  to  60°  B6.,  preferably  a  little  higher.  To  accomplish 
this,  it  is  desirable  to  have  a  form  of  packing  which  shall  not  permit  too 
ready  down-flow  of  the  liquid  but  shall  retain  it  to  some  extent  so  as  to 
delay  its  passage  through  the  hot  zone  long  enough  to  permit  its  ample 

*  In  looking  over  the  reactions  which  have  occurred  in  the  Glover  tower  it  is  not 
surprising  that  careful  calculation  indicates  the  oxides  of  nitrogen  to  have  taken  active 
part  in  one  reaction  or  another  approximately  nine  or  ten  times  in  a  manner  calculated 
to  produce  sulphuric  acid.  Therefore  it  is  again  not  surprising  that  even  in  the 
relatively  small  space  of  the  Glover  tower,  from  10  to  20  per  cent  of  the  total  sulphuric 
acid  "make"  of  the  chambers  is  produced,  an  activity  per  cubic  foot  one  hundred  or 
two  hundred  times  as  great  as  in  the  chamber.  Nor  is  it  surprising  that  even  dis- 
tribution of  the  acid,  both  nitric  and  sulphuric,  containing  nitrous  oxides  must  be 
maintained  at  the  top  of  the  Glover  tower. 
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heating  and  concentration,  while  at  the  same  time  exposing  sufficient 
surface  of  liquid  to  the  hot  gases  to  assist  in  the  concentrating  action. 
Herein  lies  the  reason  for  conserving  the  heat  by  proper  burner  walls. 
This  packing,  however,  should  be  sufficiently  open  in  its  structure  to 
run  no  risk  of  becoming  blocked  up  by  the  deposition  of  flue  dust  which 
has  succeeded  in  passing  the  dust  chambers.  Ample  dust  recovery  can 
be  made  by  modem  methods  without  reducing  the  gases  below  400**  C, 
since  their  usual  temperature  from  lump  burners  ranges  from  500°  to  800°  C. 
and  from  fines  burners  450°  to  600°  C.  It  is  generally  safe  to  rely  on 
gases  being  from  350°  to  450°  C,  as  they  enter  the  Glover  and  some  sets, 
even  mixed  fines  and  lump  burners,  exceed  this  figure. 

Construction  of  the  Glover  Tower.  The  tower  (Fig.  126)  must, 
therefore,  be  constructed  to  withstand  the  severest  duty.  The  almost 
universal  practice  is  to  make  it  of  lead  with  joints  constructed,  as 
are  the  joints  of  the  chambers  etc.  throughout  the  plant,  by  burning 
the  lead  together  (autogenous  soldering).  For  this  purpose  the  lead 
(always  first  scraped  clean  where  it  is  to  be  burned)  is  lapped,  and  a  small 
oxyhydrogen  or  oxygasolene  flame  directed  simultaneously  against  the 
edge  of  the  outside  sheet  and  a  "  strip  "  or  stick  of  lead  held  in  the  other 
hand.  The  lead  of  the  Glover  is  protected  inside  with  the  utmost  care 
both  from  heat  ^  and  corrosion. 

As  the  framework  itself  and  the  tower  with  its  packing,  top  house 
and  supply  tanks  at  the  top  make  a  heavy  load,  a  firm  foundation  of 
masonry  becomes  necessary.  The  foundation,  or  platform,  should  be 
well  pitched,  asphalted  or  preferably  in  the  former  case,  covered  with 
a  thin  layer  of  pitch  and  sulphur  melted  together.  Then  the  whole 
top  should  be  protected  by  the  acid  pan  of  10-lb.  lead.  Wooden  tower 
frames  are  very  common  and  the  sill  may  then  serve  as  the  edge  against 
which  the  drip  acid  pan  is  turned  up  and  over.  Yellow  pitch  pine  should 
be  used  and  the  sills  and  column  feet  may  profitably  be  well  pitched  in 
setting,  and  dowel  pinned. 

There  are  two  ways  of  joining  the  sheets  for  sides  or  curtains  of 
a  Glover  tower,  usually  depending  on  whether  the  tower  is  square  or 
circular.  In  the  former  case  it  is  customary  to  suspend  sheets  from 
the  top  of  the  tower  and  make  the  joints  vertical,  avoiding  the  location 
of  a  joint  close  to  a  comer.  In  the  latter  case  it  is  customary  to 
make  hoops  or  belts  slightly  smaller  at  the  bottom  and  to  lap  each 
inside  the  one  below.  Square  towers  are  sometimes  made  in  this  way.  At 
the  top  of  the  tower  the  sides  are  bent  over  the  strong  frame  which  is 
intended  ultimately  to  support  the  greater  portion  of  the  weight  but  the 
sides  must  also  be  secured  to  the  diagonal  bracing  or  horizontal  cross 

^  Many  designers  attempt  to  cool  the  under  side  of  the  tower  bottom  by  air 
channels,  water  circulating  around  the  pan,  etc.,  but  even  with  the  hottest  towers 
of  ordinary  size  this  can  be  inexpensively  avoided. 
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pieces  of  the  tower  frame  by  frequent  straps  to  prevent  their  being  sucked 
in  or  pressed  out  as  the  draft  may  act  upon  them  and  also  to  take  a 
portion  of  their  weight  from  the  top  of  the  frame.     As  a  rule  the  sides 
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are  allowed  to  hang  within  the  upstand  of  the  bottom  dish  and  it  is  gen- 
erally stated  that  this  is  necessary  in  order  to  allow  for  expansion  and 
contraction.     The  fallacy  of  this  is  indicated  by  the  fact  that  the  sides 
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are  attached  rigidly  ta  the  heavy  inlet  pipe  for  the  gases  at  the  bottom 
of  the  tower  and  that  no  provision  is  made  for  the  rise  and  fall  of  this 
pipe. 

The  inlet  pipe  for  the  gases  presents  great  difficulties  because  of  its 
large  diameter,  the  high  temperature  of  the  gases  and  because  of  the 
necessity  of  making  the  joint  tight  with  the  curtain  instead  of  with  the 
heavier  and  more  rigid  basin.  The  pipe  conveying  the  gases  from  the 
burners  is  almost  universally  made  of  iron.  It  is  preferably  made  about 
12  to  18  ins.  larger. than  the  volmne  of  gas  requires  and  is  then  lined 
with  brick.  At  some  plants  the  connecting  piece  extending  into  the 
tower  is  made  of  volvic  lava,  shaped  to  fit  the  end  of  this  iron  pipe.  The 
volvic  lava  pipe  consists  of  an  upper  and  lower  piece  and  extends  clear 
through  the  side  of  the  Glover  tower  and  its  lining  (see  below).  A 
lead  or  iron  pipe  is  sometimes  used  to  cover  the  volvic  lava  and  join  with 
the  iron  pipe  from  the  burner.  At  other  plants  a  heavy  piece  of  stoneware 
is  used  instead  of  the  volvic  lava  and  must  be  similarly  encased.  The 
easier  way  and  one  which  has  proven  entirely  satisfactory  in  many 
installations  is  that  shown  in  Fig.  126.  The  hea^'>'  iron  pipe  which  conveys 
the  burner  gases  to  the  tower  is  often,  and  the  writer  believes  should  always 
be  lined  with  brick,  and  this  brick  lining  is  carried  straight  through  the 
lead  connection  to  the  tower,  through  the  lining  of  the  tower  to  the  inner 
chamber,  care  being  used  to  lap  the  brick  joints  of  the  lining  as  tightly 
and  as  far  as  possible.  To  support  this  lining  during  construction  and 
afterwards  to  give  rigidity  to  the  connection  with  the  tower  an  unflanged 
piece  of  iron  pipe  is  inserted  as  shown  and  the  flange  of  the  burner  pipe 
is  rabbitted  to  receive  it. 

Tower  Packing.  Until  recently  the  usual  method  of  beginning  the 
tower  packing  was  to  lay  a  single  layer  of  brick  over  the  entire  floor  of  the 
tower  directly  on  top  of  the  basin.  In  harmony  with  modem  steps  for 
the  further  protection  of  this  basin,  the  bottom  of  the  tower  is  now  more 
conunonly  covered  with  two  or  three  layers,  breaking  joints,  sometimes 
split  brick  being  used  for  the  lower  layers.  For  even  distribution  of  the 
gas  within  the  tower  a  considerable  chamber  must  be  left  at  the  bottom. 
For  this  purpose  and  to  support  the  chief  weight  of  the  packing,  a  heavy 
lining  wall  is  made  up  higher  than  the  top  of  the  inlet  opening.  In  large 
towers  several  piers,  or  perforated  or  arched  walls  are  carried  up  to 
the  same  height,  to  serve  as  supports  for  the  grid.  It  is  customary  to  make 
this  lining  from  18  to  24  ins.  thick.  Above  the  top  of  the  inlet  opening 
it  is  then  reduced  in  thickness,  leaving  a  shelf  6  to  9  ins.  around  the  inside 
of  the  tower  level  with  the  tops  of  the  center  piers  or  walls .  In  arranging 
these  walls  care  must  be  taken  to  distribute  the  gases  evenly  over  the 
entire  bottom  of  the  tower  and  not  to  obstruct  their  passage.  Resting 
on  these  piers  and  ledges  the  grid  is  then  laid  in  place.  This  grid  may 
consist  of  deep  narrow  beams  of  volvic  lava  or  of  acid-proof  stoneware. 
It  is  sometimes  made  of  a  series  of  narrow  arches.     The  latter  construe- 
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tion  is  in  more  common  use  abroad  and  the  former  is  believed  to  be  more 
prevalent  in  this  country.    A  second  grid  is  sometimes  laid  across  the  first 
to  distribute  the  weight,  or  a  second  set  of  arches  to  facilitate  cleaning 
out  from  below.     The  spaces  between  the  ends  of  the  grid  beams  should 
then  be  filled  up  with  lining  brick  to  prevent  the  grid  pieces  from  falling 
over  sidewise,  likewise  where  the  grids  join  on  a  pier  or  wall.   The  selec- 
tion of  the  brick  or  tile  is  a  matter  of  great  importance  as  it  is  expensive 
to  repack  a  tower.     Selection  should  be  based  on  actual  experience  with 
the  material  in  a  Glover  tower,  or  recommendation  by  an  expert.     Upon 
this  bridge  begins  the  actual  packing  of  the  tower  from  the  chemical  or 
reaction  point  of  view.     The  lining  may  consist  of  large  limips  of  quartz 
approximately  8  to  10  in.  in  diameter  at  first,  and  later  of  smaller  sizes. 
Pumice  stone  or  lava  pieces  shaped  to  the  sides  and  filled  with  graded 
pieces  have  been  used  with  great  success,  also  acid-proof  brick.     Ridges 
of  dust,  however,  are  apt  to  form  on  the  flat  upper  surfaces  of  the  brick 
so  that  they  should  always  be  used  on  edge.     In  some  cases  the  depos'tion 
of  flue  dust  is  very  heavy  indeed  and  neccessitates  the  opening   of   the 
towers  and  the  washing  down  with  acid,  cleaning  out  at  intervals  every 
one  or  two  years.      Properly  constructed,  however,  there  is    no    need 
whatever  of  such  frequent  cleaning.     If,  therefore,  bricks  set  on  edge  are 
used  for  the  lower  portion  of  the  packing  for  the  first  couple  of  feet  they 
should   be   set   apart   as  wide   as  possible   and  it  is  best  to  be^n  the 
packing    with    specially    large   tiles.     Where    lumps    of    either  lava  or 
pumice  are  used,  they  should  at  first  be  of  large  size,  12-18  in.,  and  should 
be  carefully  laid  so  as  not  to  obstruct  the  gas  passages  and  so  that  the 
sharper  comers  are  upward  to  prevent  the  lodgment  of  dust.     The  pack- 
ing material  of  Niedenfuhr-Lunge  illustrated  in  Fig.  126  has  all  the  advan- 
tages of  the  brick  except  economy.     In  fact,  it  is  better  in  almost  every 
respect  than  the  brick  filling  but  is  probably  too  expensive  for  ordinary 
use.    A  diamond-shaped  brick  set  on  edge  and  with  the  edges  notched 
out  to  rest  down  over  the  bricks  below,  has  been  very  successfully  used 
for  this  purpose  in  a  number  of  plants.     It  leaves  practically  no  surface 
on  which  dust  can  collect,  as  the  surfaces  have  an  inclination  of  about  60*^ 
to  the  horizontal.     The  inclined  sides  of  this  brick  are  slightly  ribbed  in 
order  to  produce  resting  places  for  the  acid  and  ragged  edges  over  which 
the  uprising  currents  can  pass  sharply,  pushing  out  the  liquid  and  exposing 
as  much  surface  as  possible.     One  criticism  to  be  made  of  the  diamond 
sectioned  brick    is  that  they  do  not  retain  suflScient  quantities  of  acid 
(lack  of  great  porosity)  to  permit  of  a  gradual  surface  concentration  and 
diffusion  of  the  weaker  acid  and  to  delay  the  passage  of  the  liquid  down 
through  this  section  of  the  tower  by  their  absorptive  or  retaining  qualities. 
In  this  respect  pumice  or  lava  would  be  more  advantageous,  but  the 
surface  exposed  by  the  diamond  shaped  brick  is  many  times  that  which 
could  be  obtained  by  the  ordinary  rough  shaping  of  lava  blocks  or  limips 
unless  they  were  specially  dressed  to  about  the  same  shape  and  size  as  the 
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rhomboidal  brick.  Like  all  special  packings,  however,  these  rhomboidal 
bricks  are  expensive,  being  approximately  11  cents  each. 

At  the  top  of  the  tower  the  temperature  has  generally  fallen  to  about 
100**  C,  and  it  is  no  longer  necessary  to  protect  the  lead  so  carefully 
from  the  action  of  the  gases.  Nevertheless  it  is  as  well  to  carry  a  portion 
of  the  thickness  of  the  tower  lining  up  practically  to  the  top  of  the  towerj 
4J  in.  or  even  9J  in.  is  desirable  merely  as  a  general  protection  for  the 
lead  and  as  a  semiporous  surface  for  interaction.  The  actual  top  plate 
or  lute-plate  of  the  tower  is  not  so  subject  to  heavy  wear  and  tear  because 
it  is  largely  cooled  by  the  incoming  acids  and  being  always  located  some- 
what above  the  outlet  from  the  tower,  is  at  the  top  of  a  dead  space. 

The  top  plate  of  the  tower  is  shown  in  Fig.  126,  in  which  are  small 
depressions  or  cups  located  all  over  the  top,  arranged  so  as  to  occupy 
little  room  in  order  to  secure  as  many  such  sources  of  supply  as  possible 
with  the  limited  area  of  the  tower  top.  Each  of  these  cups  is,  as  a 
rule,  oval  and  provided  with  a  division  wall  separating  the  oval  into  two 
equal  acid  receiving  cups.  At  the  bottom  of  each  of  these  half  cups 
is  a  small  pipe  extending  down  into  the  tower  for  a  few  inches  and  extend- 
ing up  into  the  half  cup  for  from  2  to  5  ins.  according  to  the  taste  of  the 
designer.  Lead  thimbles  or  short  pipes  with  one  closed  end  and  serrated 
open  edges  are  inverted  over  these  up-standing  pipes  and  complete  the 
Uquid  lutes.  When  acid  is  run  into  the  depression  it  must  fill  up  for  a  height 
of  3  or  4  ins.  before  acid  can  flow  into  the  tower  at  all,  and  the  pipe  through 
which  it  flows  is  of  such  a  diameter  that  it  flows  down  around  the  edge 
in  a  thin  stream  rather  than  sucking  in  with  a  rush.  Any  method  which 
will  supply  all  of  these  half  cups,  one  side  with  a  small  regular  stream 
of  nitrous  vitriol  and  the  other  with  a  small  stream  of  chamber  acid, 
wiU  give  us  a  good  distributing  system.  Ordinary  cocks  on  the  pipes  to 
regulate  each  stream  are  out  of  the  question  as  they  plug  up  and  it  is 
practically  impossible  to  regulate  the  size  of  the  stream  accurately.  The 
usual  system  of  making  the  subdivision  is  that  indicated  in  Fig.  126,  where 
a  series  of  lips  are  dressed  over  on  one  or  both  sides  of  a  straight  or  circular 
trough  and  each  of  these  lips  is  permitted  to  slightly  overflow,  the  size 
of  the  stream  being  easily  regulated  with  very  great  minuteness  by  a  slight 
tap  or  blow  above  or  below  on  the  crest  of  the  lip.  Each  of  these  little 
streams  has  a  pipe  to  convey  it  to  the  proper  point  at  the  top  of  the  tower. 

On  the  floor  above  the  head  of  the  tower  (in  order  to  secure  the  head 
for  a  constant  and  steady  flow  to  the  towers)  is  located  the  tank  and  gen- 
erally also  the  level  apparatus.  It  is  customary  to  make  the  top  and  sides 
of  the  tower  very  much  lighter  lead  than  the  bottom.  About  16  lb.  lead 
is  generally  deemed  heavy  enough.  It  is  false  economy  to  so  reduce  the 
thickness  of  lead  that  a  renewal  of  any  portion  of  the  tower  will  be 
necessary.  Good  policy  demands  that  the  tower  be  so  built,  like  the 
"  wonderful  one  horse  chaise,"  that  when  one  piece  requires  repairing, 
the  whole  thing  may  as  well  be  taken  down. 
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Capacity  of  Glover  Tower.  It  is  found  desirable  to  maintain,  at 
least  approximately,  a  certain  fixed  relation  between  the  size  or  capacity 
of  the  Glover  tower  and  the  size  or  cubical  capacity  of  the  chamber  installa- 
tion. Opinions  as  to  this  relation  vary  somewhat  and  should  in  any  case 
always  be  expressed  in  terms  of  actual  working  volume  of  the  Glover  tower 
and  not  of  the  total  space  within  the  lead.  Experience  has  indicated  that 
if  the  tower  is  properly  packed  there  is  no  gain  obtained  by  extending  the 
net  height  of  actual  packing,  more  than  about  20  ft.  Consequently 
the  size  will  be  a  matter  of  variation  in  cross-section  rather  than  in  height. 
This  cross-section  has  in  some  cases  been  as  great  as  25  or  30  ft.  in  diameter 
without  detriment  to  the  action  of  the  tower.  About  300  or  350  cubic 
feet  of  actual  Glover  tower  packing  space  is  allowed  per  ton  of  sulphur 
burned  per  day. 

Acid  Coolers.  The  acid  running  away  from  the  bottom  of  the  tower 
and  coming  from  recent  contact  with  the  hot  gases  will  as  a  rule,  be  very 
hot  (about  130°  C).  Even  when  the  burner  gases  are  cool  it  is  about 
100°  C.  It  may  be  higher,  but  as  60°  acid  begins  to  boil,  at  about 
180°  C.,  a  much  higher  temperature  than  150°  cannot  reasonably  be 
expected.  Nor  is  it  desirable,  because  under  most  conditions  all  of 
this  acid  must  be  cooled  either  before  storage  or  before  its  return 
to  the  Gay-Lussac  tower  for  absorption  of  nitrous-vitriol.  For  this 
purpose  there  are  generally  located  just  below  the  bottom  of  the 
towers  cooling  worms  or  tanks.  Sometimes  air  coolers  are  iLsed.  As 
far  as  possible  the  hot  acid  should  be  kept  out  of  contact  vnth  the  lead 
until  the  latter  is  cooled  on  the  other  side  by  moderately  cold  water,  other- 
wise the  wear  and  tear  on  the  lead  coolers  will  be  heavy  as  was  explained 
in  describing  the  corrosive  properties  of  acid,  p.  145.  Fig.  127  illus- 
trates one  of  the  most  convenient  devices  for  cooling  of  Glover  tower 
acid  (where  water  is  moderately  scarce).  A  wooden  tank  is  built  cross- 
divided  into  a  number  of  compartments,  tightened  up  with  bolts  and 
lined  with  6-lb.  lead.  Along  one  side  of  it  is  a  lipped  trough  of  stoneware 
sections  backed  with  asV)estos  millboard  and  beaten  into  an  18  lb.  lead 
trough  covered  with  wood.  In  each  of  the  compartments  is  placed  a 
nested  coil  of  1  in.  AA  lead  pipe  provided  at  the  inlet  end  with  a  Buchner 
or  silica  funnel  extending  down  into  the  end  of  the  coil  below  the  top 
surface  of  the  water.  The  bottom  end  of  the  coil  is  brought  up  over 
the  edge  of  the  tank  so  that  the  coil  always  stands  full  of  acid  and  the 
various  turns  of  the  coil  are  separated  by  flat  irons  suitably  bolted  together 
in  order  to  make  the  coil  a  rigid  unit.  Each  compartment  is  provided 
with  a  separate  plug  in  the  bottom  and  a  trough  underneath  by  which 
it  may  be  entirely  emptied  of  mud  or  water  in  order  to  wash  it  out 
or  permit  the  examination  of  the  coil  to  establish  its  tightness.  Each 
coil  is  separately  fed  by  a  short  syphon  lying  in  the  lip  from  the  hot  acid 
gutter  at  the  back  and  each  discharges  separately  into  a  cold  acid  trough 
at  the  front  (or  back)  of  the  system.    Beneath  this  cold  acid  trough  is 
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located  the  wider  water  overflow  trough  the  top  of  which  is  tightly  covered 
to  prevent  steaming.  A  daily  litmus  test  of  the  overflow  of  each  tank 
reasonably  insures  the  absence  of  serious  leak  in  any  one  of  the  coils. 
If  a  leak  is  suspected  the  corresponding  syphon  may  be  lifted  without 
seriously  upsetting  the  action  of  the  several  other  coils  and  the  coil  in 
question  can  be  lifted  out  by  a  chain-fall,  removed  entirely  from  its  box, 
and  a  reserve  coll  placed  with  very  little  delay.  If  the  leak  is  certain 
it  is  not  even  necessary  to  remove  the  water  from  the  box. 

In  another  type  of  cooler  (suitable  for  ample  water  supply)  the  action 
of  the  extremely  hot  acid  upon  the  lead  pipe  is  almost  wholly  avoided 
by  having  in  the  tank  sufficient  volume  of  cooled  acid  to  mix  immediately 
with  the  hot  acid  flowing  in  before  it  comes  in  contact  with  the  cool- 
ing pipes.     In  this  manner  much  longer  life  is  secured  for  the  cooling 
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Fig.  127. 


pipes.  The  flow  from  the  Glover  is  divided  into  only  two  streams  (two 
being  necessary  in  order  to  permit  repairs  to  be  made  to  one  of  the 
devices).  Two  large  tanks  are  located  below  (and  sometimes  within  the 
Glover  foundation)  and  are  lined  with  16-lb.  lead.  Inside  of  this  lining 
and  supported  on  lead-covered  iron  frames  are  large  flat  coils  of  1"  AA  lead 
pipe,  which  are  independently  supplied  with  cold  water  and  planned  to 
maintain  a  layer  of  cooler  acid  at  the  top  into  which  the  hot  acid  flows. 
Below  this  level  the  acid  is  slowly  and  steadily  settling  downward  to 
the  bottom  of  the  tank  cooled  everywhere  by  the  lower  portions  of  the 
various  coils,  and  as  the  water  is  fed  to  all  coils  at  the  bottom  this  por- 
tion of  the  acid  obtains  the  prolonged  benefit  of  the  coldest  water  available 
in  the  system.  This  finally  cooled  acid  from  the  bottom  of  the  tank  is 
drawn  over  by  a  syphon  to  the  Glover  acid  storage  tanks.  In  order  to 
prevent  the  acid  from  being  too  much  heated  by  the  surrounding  liquid, 
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the  syphon-pipe  is  itself  surrounded  by  sewer-tile  or  other  stoneware 
pipe  sometimes  two  layers  being  used  and  the  space  between  the  pipe 
and  the  tile  packed  with  asbestos  fiber.  Similarly  the  pipes  carrying  the 
cold  water  down  to  the  bottom  of  the  coils  may  be  covered  with  insulating 
pipes  if  this  is  necessary,  but  generally  no  such  precaution  need  be  taken. 
Unless  the  Glover  tower  is  set  very  high  (so  that  the  space  available  under 
it  is  great)  it  is  preferred  not  to  locate  the  tank  under  the  Glover 
because  it  must  be  made  too  shallow  for  the  most  efficient  working,  or  the 
storage  tanks  beneath  the  chambers  become  too  low.  It  is  better  to  allow 
space  (either  beside  the  Glover  or  between  the  Glover  and  the  first 
chamber)  on  a  separate  platform  about  6  feet  below  the  level  of  the  Glover 
tower  for  devices  of  this  character.  This  brings  them  nearly  on  the  level 
of  the  chamber  floor,  not  more  than  2  or  3  feet  below  it  at  most,  permits 
the  flow  of  the  acid  from  the  cooling  devices  by  gravity  to  the  storage 
tanks  and  still  permits  the  elevation  of  these  storage  tanks  above  the 
ground  high  enough  to  locate  all  acid  eggs  below  them  without  much 
excavation. 

Storage  Tanks.  Tanks  for  the  handling  of  acid  are  generally  made 
of  timber  lined  with  6  or  8  lb.  lead.  It  is  desirable  to  have  in  each  tank 
at  the  head  of  the  tower  several  hours'  supply  of  acid  for  the  tower  in 
question.  The  tanks  at  the  bottom  of  the  towers  both  for  Gay-Lussac  and 
Glover  acid  should  have  at  least  a  day's  capacity  and  the  tanks  for  chamber 
acid  may  have  any  desired  capacity  according  to  the  method  in  which 
the  acid  is  to  be  used.  These  tanks  may  all  be  satisfactorily  located 
under  the  chambers  and  should  be  covered  or  provided  with  a  sub-roof 
under  the  chamber  floor  and  located  if  possible  far  enough  from  that 
floor  to  allow  of  access  to  the  floor  for  examination  when  necessary. 
Cooling  of  the  acid  is  generally  required  for  the  Glover  tower  acid  only. 
In  some  plants  it  is  thought  desirable  to  cool  the  Gay-Lussac  acid  but 
usually  this  is  unnecessary,  unless  the  Gay-Lussac  acid  is  to  be  recirculated 
or  a  portion  of  it  used  in  intermediate  towers. 

Chamber  Reactions.  Turning  now  to  the  chambers,  it  is  well  to 
consider  briefly  the  general  tjrpes  of  reactions  which  are  expected  to  be 
performed  therein.  Several  theories  of  the  operation  have  been  suggested 
and  it  will  be  interesting  to  present  these  and  consider  them  briefly. 

Davy,  observing  the  presence  of  NO2HOSO2  crystals  and  the  necessity 
of  water  for  the  reaction,  proposed  the  explanation  that  2SO2+3NO2 
+H20  =  2N02HOS02+NO  forming  droplets  in  the  chamber  atmosphere 
which  sink  into  the  acid  at  the  bottom  and  are  diluted  thereby,  water 
being  condensed  on  the  side  curtains  in  larger,  proportion  and  diluting  this 
bottom  acid.     On  dilution 

2N02HOS02+H20  =  2H2S04+NO+N02 

which  partly  oxidizes  2NO-|-02  =  2N02  again  to  unite  with  moreS  O2. 
The  objections  to  this  are  that  so  much  more  water  condensation  is  not 
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observed  on  the  curtains  and  instead  of  there  being  much  more  NO  and 
NO2  near  the  bottom  they  seem  to  be  evenly  distributed  through  the 
gases. 

Berzelius  and  others  including  Peligot,  Weber,  and  Raschig  regarded 
the  formation  of  nitrosyl  sulphuric  as  wholly  accidental  or  abnormal. 

Lunge,  Hurter  and  Sorel  substantia^y  agree  that 

N203+H2S04;:^N02HOS02+H20, 

calculated  the  theoretical  rate  of  formation  in  close  agreement  with 
fact,  and  suggested  circulation  of  drops  through  varjang  conditions  of 
temperature  and  practically  constant  H2O  and  N2O3  vapor  tension. 
H2S04.2Aq  passes  to  the  central  hot  zone,  is  concentrated,  takes  up 
N2O3  to  form  nitrosyl,  passes  to  cooler  sides,  absorbs  water  decompos- 
ing nitrosyl  and  forming  sulphuric  67  per  cent  near  walls  at  75°  =  27  mm. 
At  center  90°,  27  mm.  =  73  per  cent.     Observations  confirm  these  facts. 

The  particle  of  aqueous  H2SO4  floats  about  in  the  chamber  gases, 
being  carried  up  in  the  middle  and  down  at  the  sides;  on  the  one  hand, 
owing  to  the  heat  of  the  reaction  and,  on  the  other  hand,  owing  to  the 
cooling  action  of  the  chamber  sides.  These  particles  of  acid  are  alter- 
nately subjected  to  higher  and  lower  temperatures.  When  the  tem- 
peratiire  is  raised  concentration  increases  by  evaporation  and  the  acid 
is  able  to  absorb  or  retain  greater  quantities  of  N2O3.  This  N2O3  when 
absorbed  from  the  surrounding  mediimi  may  carry  SO2  in  along  with  it 
together  with  water  or  other  constituents  necessary  to  make  sulphuric 
acid.  Then  on  passing  over  and  down  along  the  chamber  sides  the  par- 
ticles are  subjected  to  a  more  saturated  atmosphere  and  to  a  cooling  action 
which  tends  to  condense  moisture  upon  their  surface.  The  moisture  may 
have  traveled  side  by  side  with  the  particles  for  many  feet,  but  not  have 
encountered  conditions  favorable  to  condensation.  As  soon  as  the  moist- 
ure is  condensed  on  the  particles,  thereby  diluting  them,  the  nitrosyl- 
sulphuric  acid  is  decomposed,  liberating  the  N2O3  and  forming  sulphuric 
acid  which  is  added  to  the  mass  of  the  particles.  Whether  this  N2O3 
on  its  way  out  from  the  surface  of  the  particles  forms  additional  sulphuric 
acid  in  any  manner  is  not  essential,  but  probably  it  does  not.  When 
liberated,  this  N2O3  travels  side  by  side  with  the  particles,  the  surround- 
ing SO2  and  the  moisture  envelope,  until  the  temperature  is  again  raised 
in  the  middle  zone,  when  more  moisture  is  liberated  from  the  particles  and 
N2O3  is  again  taken  up. 

This  is  at  least  a  clear  view  of  what  may  go  on  during  the  greater 
portion  of  the  chamber  operation.  Unquestionably  during  the  early 
portion  of  the  action  at  the  entrance  of  the  first  chamber  (when  extremely 
rapid  formation  of  sulphuric  acid  occurs)  Glover  tower  reactions  also 
occur. 

Surface  Contact.  The  importance  of  surface  contact  and  impingement 
of  gases  cannot  be    denied  or  overlooked.     In  1884  McTear  (J.S.C.I., 
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'84,  228)  carried  out  an  interesting  series  of  experiments  by  placing  a  tray 
12X12  ins.  in  the  chamber  and  noting  the  amount  of  sulphuric  acid  col- 
lected on  the  upper  surfaces  of  the  tray  and  of  glass  plates  supported  over 
it.  Taking  the  deposition  of  acid  on  the  upper  surface  of  the  tray  alone 
(700  grams  per  day)  as  unity,  this  deposition  was  increased  2.3  times  by 
supporting  in  a  vertical  position  above  the  tray  12  pieces  of  glass,  12X6  ins. 
wide,  having  a  total  surface  approximately  12  times  as  great  as  the  sur- 
face of  the  tray.  When  placed  horizontally,  12  ins.  w^ide  and  arranged  as 
before,  the  deposition  of  acid  was  4.5  times  as  great  as  that  of  the  tray. 
It  was  found  that  a  single  vertical  surface  exposed  to  impingement  of  the 
gas  condensed  about  30  per  cent  more  acid  than  the  other  surface  and  that 
a  horizontal  plate  collected  on  both  upper  and  lower  surfaces  very  nearly 
as  much  as  when  placed  vertical.  This  is  a  purely  surface  action.  As 
early  as  1861  it  was  suggested  to  make  vitriol  in  a  long  channel  filled 
with  horizontally  supported  glass  plates,  but  such  an  installation  would 
have  had  too  little  permanence.  Partitions  of  brickwork,  of  suspended 
glass  plate  and  even  chambers  filled  with  coke  have  been  tried.  Steam 
aspirators,  and  even  fans,  have  been  used  to  circulate  the  gases  about 
in  the  chambers.  But  to  date  the  most  successful  method  of  mixing 
and  cooling  the  gases  and  fixing  the  suspended  liquid  is  the  use  of  towers 
between  the  chambers.  These  towers  may  be  supplied  with  a  down- 
flow  of  acid  or  other  cooling  means.  Thyss  and  Sorel  both  attempted 
to  use  such  towers  (in  the  former  case  made  of  lead  and  in  the 
second  case  filled  with  some  sort  of  packing)  before  Lunge  sug- 
gested plate  towers.  Fig.  125  shows  in  detail  what  is  probably  the 
best  developed  plate  system  (George  Lunge  and  Ludwig  Rohrmann  pat- 
ented in  1886,  1887,  1889),  the  plates  being  placed  so  that  holes  do  not 
register  and  the  drops  from  the  edge  of  one  hole  strike  upon  the  plate 
below.  Gilchrist  has  filled  the  tower  with  a  number  of  horizontal  cooling 
pipes  of  triangular  section  and  allowed  air  to  circulate  through  these  pipes. 
The  system  has  found  great  favor  in  many  American  plants.  The  smaller 
sizes  of  diamond-shaped  bricks  (rhomboidal  packing)  offer  great  advantages 
of  surface  and  stability.  The  writer's  experience  with  simpler  and  less 
expensive  packings,  however,  has  been  entirely  satisfactory.  The  tower 
may  be  sprayed  with  ordinary  chamber  acid,  unless  the  intensive  system 
of  operation  is  to  be  applied  when  nitrous  vitriol  can  be  profitably  used 
therewith,  but  too  great  concentration  should  be  avoided  since  we  have 
here  neither  the  high  temperature  nor  the  rich  sulphurous  gases  to  denitrate 
the  strong  nitrous  vitriol.  Re-circulation  of  these  towers  with  a  strength 
about  the  same  as  made  in  adjoining  chambers  is  recommended. 

Cooling  also  is  certainly  essential,  as  the  formation  of  liquid  cannot 
continue  without  heat  dissipation.  Cooling  is  so  important  that  in  England 
a  nearly  fixed  relation  between  cooling  surface  (0.2  sq.ft.  per  cu.ft.)  and 
chamber  capacity  is  recognized. 

As  the  reaction  in  the  chamber  progresses  to  completion,  however, 
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we  may  confidently  predict  from  the  general  law  of  the  mass  action  (com- 
mon sense)  that  it  will  become  slower.     At  the  latter  end  SO2  (and  oxygen) 
becomes  somewhat  exhausted,  the  more  exhausted  or  rare  the  SO2  becomes 
the  more  infrequent  will  be  the  contact  of  SO2  molecules  with  those  of 
nitrosyl-sulphuric  acid  or  nitrogen  oxide  capable  of  making  it.     Thus  in 
spite  of  any  mixing  or  cooling  or  other  action  to  which  we  may  submit 
the  gases  we  can  be  sure  that  reactions  will  be  very  slow  at  the  end.     About 
30  per  cent  of  the  total  weight  of  acid  is  made  in  the  first  chamber  where 
a  number  of  chambers  (4  to  6)  are  used.    Where  only  three  chambers  are 
used  this  is  more  likely  to  be  from  30  per  cent  to  40  per  cent  and,  with 
only  two  chambers,  may   be    60    per    cent  or  even  80  per  cent.     With 
the  larger  number  of  chambers  the  last  (No.  6)  makes  only  1  to  3  per  cent 
of  the  total  acid.    With  three  chambers  from  9  to  20  per  cent  of  the  total 
acid,  and  with  only  two  chambers  from  20  to  35  per  cent  or  40  per  cent 
may  be  expected  (these  figures  are  all  exclusive  of  the  acid  made  in  Glover 
and  Gay-Lussac  towers,  the  former  averaging  from  10  to  18  per  cent  and  the 
latter  in  the  well-operated  chambers  below  5  per  cent). 

Sight  holes  are  used  for  observing  the  color  of  the  gases  for  presence 
of  moisture  and  niter.  As  the  reaction  progresses  heat  is  necessarily 
liberated,  becomes  sensible  as  temperature,  is  partly  dissipated  by  the 
walls,  and  gives  an  excellent  indication  of  the  operation.  Thermometers 
are,  therefore,  very  generally  used. 

Niter  Control.  As  might  be  expected,  niter  is  the  important  variable. 
A  temporary  cessation  of  niter  supply  will  cause  a  rapid  fall  of  tem- 
perature in  the  first  chamber,  as  much  as  twenty  degrees  in  a  few  hours, 
simultaneously  affecting  the  strength  of  acid  produced.  The  percentage 
of  niter  in  the  gases  has  the  greatest  influence  on  tempreature  because 
within  wide  limits  it  controls  the  rate  of  production  of  sulphuric  without 
necessarily  at  all  affecting  the  yield  of  acid  or  the  consumption  of  niter. 
The  simplest  indication  of  niter  conditions  is  the  color  of  the  gases.  In 
the  first  half  of  the  travel  (cubical  space)  white  sulphuric  mist  and 
reduction  by  SO2  to  colorless  NO  prevent  any  color  being  observed. 
About  the  middle,  however,  a  faint  tint  (yellowish  N2O3)  and  before 
passing  to  the  Gay-Lussac,  in  fact  in  the  middle  of  the  last  chamber  a 
distinct  red  (N2O4)  appears  (not  a  clear  red,  which  means  dry  gases, 
but  a  misty  red). 

The  quantity  of  niter  lost  varies  much  with  skill  of  operating  and 
adequateness  of  recovery  plant  to  the  intensity  of  working.  There  is 
always  some  loss;  never  below  1.5  parts  per  100  of  sulphur  burned  =  0.5 
per  cent  of  the  actual  H2SO4  produced.  This  figure  generally  ranges 
from  .75  to  1.25  however.  With  ordinary  single  Gay-Lussac  and  Glover 
1.0  per  cent  is  good  working  and  0.8  per  cent  is  excellent.  As  the  cost  of 
niter  is  from  10  to  20  per  cent  of  the  total  manufacturing  cost  of  the  acid, 
careful  economy  of  niter  is  essential. 

One  of  the  first  steps  in  *^  doctoring  "  a  chamber  is  to  make  sure  of 
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ample  niter  supply.  Deficiency  is  more  objectionable  than  excess  and  is 
indicated  by  paleness  of  end  chamber,  decreasing  nitrous  strength  of 
Gay-Lussac  acid,  absence  of  ferrous  sulphate  test  first  in  middle  or  end 
bottoms,  possibly  by  red  fumes  at  exit  (SO2  to  Gay-Lussac),  decrease  in 
quantity  or  strength  of  drips,  presence  of  N2O  in  exit  gases,  etc.  The 
serious  consequences  are  decrease  of  production,  SO2  escaping  to  the 
last  chamber  in  too  great  quantity  with  moisture  preventing  proper  for- 
mation of  NO2HOSO2;  formation  of  nitric  and  further  removal  of  niter 
from  the  system,  possibly  complete  reduction  to  N2O  not  recoverable; 
passage  of  niter  as  NO  with  SO2  to  Gay-Lussac;  absence  of  absorption 
added  to  decomposition  of  nitrous  vitriol  by  SO2  leading  to  loss  of  niter 
both  in  bottoms  and  at  exit  because  too  Utile  niter  is  present. 

Drips.  "  Drips  "  is  a  name  given  sample  acid  collected  by  troughs  from 
the  inner  surfaces  of  side  curtains  or  by  trays  clear  inside  the  chambers  and 
piped  to  the  outside  for  testing.  It  slowly  "  drips  "  from  these  pipes. 
Weakness  ^  of  the  drip  means  either  too  much  water  (when  quantity 
will  be  full  or  excessive)  or  too  little  formation  of  acid  (causing  lower 
temperatures  and  also  smaller  quantity).  Other  things  being  right, 
the  strength  of  drip  serves  as  a  guide  to  the  admission  of  steam  or  spray. 
When  the  drip  becomes  too  weak  the  steam  supply  should  be  sharply 
reduced  for  a  time  and  then  resinned.  Too  much  water  in  presence  of 
excess  of  oxygen  reacts  with  the  lower  oxides  to  form  HNO3,  the  condensa- 
tion  of  which  on  the  chamber  side  is  apt  to  be  injurious.  The  glass 
sight-jars,  or  windows,  should  not  be  dripping  wet,  merely  beaded  over. 
Continued  excessive  supply  of  steam  and  consequent  formation  of  nitric 
acid  leads  to  too  much  nitric  in  the  suspended  acid  which  is  carried  down  to 
the  bottom  acid,  weakening  the  strength  of  the  same  and  increasing  its 
content  of  niter  by  the  nitric  brought  down.  This  action  is  cmnulative 
since  the  weaker  acid  on  the  bottom  itself  tends  to  hold  more  nitric. 
The  yield  falls  off  and  consumption  of  niter  increases.  Action  on  the 
lead  does  permanent  damage;  white  drips  result.  Also  the  chamber 
becomes  pale.  When  the  drip  becomes  too  strong  it  may  mean  that  the 
chamber  is  very  rich  in  niter  or  that  there  is  too  little  moisture.  Another 
possible  evidence  of  the  absence  of  moisture  is  the  presence  of  chamber 
crystals  on  the  glass  plates  or  lute  covers.  When  the  quantity  of  the 
drip  decreases  it  is  sure  to  indicate  either  an  absence  of  acid  manu- 
facture or  an  absence  of  moisture.  In  the  latter  case  the  strength  of  the 
drip  is  apt  to  be  high;  in  the  former  case  the  strength  of  the  drip  is  low. 

Draft.  Draft  should  be  primarily  regulated  according  to  analyses 
of  gases  at  Glover  entrance  and  at  exit.     Too  much  draft  shows  at  burners 

^  The  strength  depends  largely  on  the  point  of  collection,  4  to  6®  B^.,  weaker  near 
the  surface  of  the  chamber  (owing  to  the  cooling  and  condensation  near  the  curtain) 
and  stronger  from  the  interior,  unless  very  strong  chamber  add  is  being  made,  when 
this  difference  will  be  less.  It  is  almost  obvious  that  the  absolute  strength  of  the 
drip  is  not  so  important  as  how  the  strength  varies  from  day  to  day  and  from  first 
chamber  to  last. 
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by  weak  gas,  while  too  little  draft  is  indicated  by  the  absence  of  O2- 
Too  much  draft  weakens  the  reaction  and  carries  it  back  too  far  in  the 
chambers,  losing  SO2  and  niter.  Too  little  permits  over-reduction  and  loss 
of  niter,  finally  perhaps  loss  of  SO2,  and  certainly  loss  of  profit  on  the 
investnaent.  The  passage  of  gas  through  the  chambers  as  a  whole,  is 
observed  with  delicate  pressure  gages. 

Chamber  Construction.  The  following  special  principles  underlie 
chamber  construction  and  any  chamber  detail  should  be  considered  with 
each  of  them  in  mind. 

1.  Variations  of  pressure  inside  the  chambers  may  amount  to  more 
than  i  in.  water  column,  or  about  3  lbs.  per  square  foot  over  the  entire 
surface  of  the  chamber  so  that  precautions  must  be  taken  to  prevent  the 
side  curtains  from  sucking  in  (or  bulging)  by  frequent  attachment  of  both 
the  curtains  and  the  top  to  a  suitable  framework. 

2.  Variations  of  temperature  expand  and  contract  the  lead,  so  curved 
comers  or  movable  attachments  to  the  framework  should  be  proyided  to 
permit  movement  without  buckling  or  bending  the  sheets,  particularly  at 
joints. 

3.  The  supporting  and  surrounding  framework  should  bp  rigid.  As 
the  safe  tensile  strength  of  lead  at  0°  or  100°  C.  is  only  about  500  lbs. 
per  square  inch  (a  sheet  being  self-supporting  for  a  height  of  about  90  ft.), 
shifting  of  the  framework,  failure  of  supports,  or  sticking  of  movable 
attachments  produces  destructive  strains.  In  open-sided  chambers, 
wind  strains  must  also  be  provided  against. 

4.  The  corrosion  going  on  continuously,  though  slowly,  is  augmented 
by  higher  temperature,  excessive  moisture  in  the  gases,  increased  niter 
content,  absence  of  SO2,  too  rapid  movement  or  impingement  of  the  gasen, 
or  alternate  action  of  liquid  acid  and  gases.  The  points  of  most  severe 
attack  therefore  are  as  follows:  aroimd  the  entrance  to  the  first  chamber, 
owing  to  the  heat,  richness  and  velocity  of  the  whirl  of  gases  circulat- 
ing to  join  the  incoming  stream;  the  end  opposite  this  entrance  (if  the  first 
chamber  is  not  very  long)  owing  to  richness  and  impingement  of  the  enter- 
ing stream;  the  whole  of  the  first  chamber  because  the  temperature  is 
higher,  the  gases  richer  and  reaction  more  active;  any  points  where  the 
sides  are  uncooled  by  the  outside  air,  as  points  in  contact  with  timber  frame- 
work, the  inner  sheet  of  a  lap  joint,  the  bottom  when  it  rests  on  the  floor 
if  it  is  not  covered  with  mud  or  a  layer  of  liquid,  and  side  curtains  where 
they  descend  inside  the  bottom  pan;  the  last  chamber  where  all  SO2  is 
pretty  well  exhausted,  acid  mist  is  much  thinner  and  where  in  the  absence 
of  SO2  the  reaction  N204+H2S04  =  N02HOS02+HN03  takes  place  (or 
with  excess  moisture  even  the  reaction  2N02H20+02  =  2HN03). 

Most  of  the  chamber  plants  now  in  operation  have  wooden  supporting 
framework  of  vertical  studding  crowned  with  a  wall  plate  rounded  on 
the  upper  inside  edge  and  beveled  away  outward  below  the  round.  The 
lead  side  curtains  bend  out  over  the  round,  are  nailed  down  to  the  plate 
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and  strapped  to  the  stiiddinR.     In  this  construction,  seams  are  generally 
run    vertically   an<l   either   a  large   section   or   the    whole    side   of   the 
chamber,  is  burned  lying  upon  tlie  floor  within  the  chamljer  frame  and 
then  hoisted  into  place,  or  burned  at  the  top  and  let  down  after  secur- 
ing the  edge  to  the  plate.     The  side  and  end  curtains  being  thus  placed 
in  position,  a  movable  scaffold 
the  width  of  the  chamber  is  set 
up  within  the  walls,  the  succes- 
sive sheets  of  the  ceiling  are  laid 
upon  the  scaffold,  and  the  long 
joints  burned  three  or  four  at  a 
time.     The  ends  of  each   sheet 
extending  out  over  the  side  sheets 
where  they  turn  over  the  plate 
are    burned    fast;     straps    are 
burned   on  the  ceiling  and   at- 
tached   to    beams    laid    as   the 
work  progresses.     The  scaffold  is 
moved  along  underneath  leaving 
a  finished  ceiling.     For  conven- 
ience the  scaffold   is    generally 
made   to    travel   on   wheels    or 
rollers.     Finally   when   the   last 
Fig-  128.  sheets  are  placed  the  scaffold  is 

dismembered  into  spctions  and  removed  between  two  of  the  side  sheets 
which  have  been  left  unbumed  for  a  [wrtion  of  their  height.  The  floor 
is  then  well  cleaned.  The  bottom  sheets  are  laid  clear  across  the  chamber 
bottom  turning  up  inside  and  over  a  rim  of  side  boarding  18  to  20  Ins. 
high  in  similar  way  on  all  sides,  sheet  after  sheet  being  burned  on  as 
lai<l.  The  flues  are  generally  left  until  the  last  and  give  entrance  and 
exit  holes  for  the  workmen  while  engaged  in  laying  the  bottom,  making 
the  final  clean-up  before  starting  as  well  as  testing  the  tightness  of  the 
work. 

Figs.  128  and  131  show  a  more  modem  type  of  construction  (although 
the  wood  is  still  much  used)  consisting  of  a  steel  framework.  Chambers 
of  this  type  arc  apt  to  be  built  of  greater  relative  height  and  as  seen. 
Fig.  131,  a  different  system  of  attachment'  to  the  framework  is  used. 
Incidentally  it  might  be  said  that  this  attachment  presents  many  advantages 
since  it  can  generally  be  located  on  the  outer  face  of  a  joint  and  the  point 

I  In  ihp  ivixulrn  frame  it  was  nolwi  that  the  plate  is  sliglitly  overhung  on  the 
innicic  so  that  the  Icsul  should  not  loiic'h  the  framework  at  any  point.  To  prevent  the 
siickine  in  by  dmfl.  or  the  pushinR  I'lit.  tho  entire  eurtaiD  must  be  attached  by  lugs 
or  stra]«  to  the  framework.  Siioli  atia<^hment  unless  slotted  Ehould  not  be  made 
Ix'tore  the  rhambers  ikre  started  <ip.  t>er3iise  the  elongation  of  the  lead  when  heated 
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of  attchment  will  therefore  be  better  protected  from  corrosion  within,  by 
the  lap.  Laps  are  almost  invariably  burned  on  the  outside  edge  so  that 
the  extra  lead  of  the  lap  can  servQ  to  protect  from  corrosion  the  point 
at  which  the  joint  is  made. 

Coiinection  of  Chambers.  In  connecting  the  chambers  one  with 
another,  circular  or  rectangular  lead  gas  flues  are  used.  It  is  generally 
preferable  to  make  the  flues  circular  because  they  can  then  be  provided 
with  longitudinal  stays  of  wooden  slats,  easily  enclosed  and  supported 
by  iron  rings.  In  some  cases,  however,  square  flues  are  much  more 
desirable  as  a  matter  of  convenience  and  engineering. 

The  connections  between  chambers  have  generally  been  taken  from 
the  lower  portion  of  the  end  of  one  chamber  to  top  of  the  preceding  cham- 
ber. A  great  deal  of  experience,  however,  has  indicated  that  it  makes 
very  little  difference  from  what  point  the  outlet,  or  to  what  point  the 
inlet  is  taken.  The  natural  circulation  of  the  chambers  is  very  quickly 
set  up  regardless  of  the  height  at  which  the  gases  may  happen  to  be  intro- 
duced.    This  is,  of  course,  to  a  less  extent  the  case  when  forced  draft  is  used. 

In  making  attachments  for  connections  to  the  chambers  and  in  making 
repairs,  the  curtains  and  the  tops,  as  well  as  the  connecting  flues,  may  be 
freely  cut  into  and  changed.  The  greatest  care,  however,  is  used  to 
avoid  disturbing  the  bottom  basin  because  of  its  very  great  importance 
in  the  storage  of  acid,  and  because  of  the  extreme  diflSculty  of  repairing 
leaks  in  the  bottom. 

The  various  arrangements  for  observation,  taking  of  drips,  tem- 
peratures, level  of  acid  within  the  chambers,  etc.,  are  as  a  rule  scattered 
at  different  points  throughout  the  chamber.  There  seems,  however,  to 
be  no  advantage  in  this  wide  distribution  of  points  of  observation  and  in 
some  cases  they  have  been  concentrated  together.  For  drawing  off  the 
acid  from  the  bottom  of  any  chamber  a  lead  syphon  is  allowed  to  dip  into 
the  bottom  pan  whree  an  alcove  in  the  curtain  allows  sufficient  space 
for  it  to  stand.  Acid  is  thus  drawn  from  the  chamber  to  a  **  boot  "  or 
pot  set  in  the  floor  outside  and  made  as  high  as  the  side  obarding  of  the 
chamber  bottom.  Acid  is  drawn  from  each  chamber  to  the  chamber 
preceding  it,  and  a  similar  boot  is  almost  invariably  placed  at  both  the 
outlet  from  the  later  chamber  and  inlet  to  the  earlier  chamber,  the  boots 
being  connected  by  a  pipe  and  each  supplied  with  its  own  syphon.  From 
the  first  chamber  acid  is  drawn  to  the  supply-tanks  of  the  eggs  or  lifts 
to  the  Glover  tower,  and  to  the  same  or  other  supply  tanks,  possibly 
for  use  of  the  concentrating  system  where  66°  acid  is  being  made,  though 
such  acid  is  generally  taken  from  later  chambers  because  acid  there  is 
purer.  Likewise  alcoves  are  best  made  at  the  exterme  ends  of  the 
chambers  for  drawing  off.  The  WTiter  prefers  a  single  observation 
alcove  with  boot  at  each  end  of  each  chamber.  The  greatest  care 
is  generally  observed  to  avoid  making  unnecessary  holes  in  the  bottom 
sheet  of  the  chamber  or  doing  an^-thing  to  disturb  the  layer  of  mud 
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over  the  chamber  bottom  and  expose  the  lead  to  consequent  corrosion. 
For  this  reason  a  sheet  of  glass  or  piece  of  thin  tile  is  frequently  placed 
under  the   bottom   of  the  inner  syphon4eg  to  prevent   the   flow  from 
disturbing  any  sediment  which  may  lodge  on  the  bottom  of  the  chambers. 
Supply  of  Water.     The  steam  inlets  to  the  chambers,  or  water  sprays  as 
the  case  may  be,  preferably  the  latter,  are  located  along  the  top  of  the  cham- 
ber and  the  connections  are  sometimes  carried  down  to  index  valves  located 
on  the  working  floor  or  on  a  working  gallery  according  to  the  preference  of 
the  designer.     If  water  sprays  are  used  they  are  preferably  located  on  the 
top  of  the  chamber,  15  to  30  ft.  apart,  and  staggered.     No  spray  should 
be  used  at  the  beginning  of  the  first  chamber  where  the  ample  supply  of 
moisture  from  the  Glover  is  available.     Connections  may  be  provided  for 
the  last  chamber  but  would   rarely 
be  used.     Steam  is  often  preferable 
in  the  last  chamber  to  sustain  the 
temperature.     In  some  cases  special 
water  pumps  and   storage   vessels 
are  used,  but  the  source  of  supply 
depends  largely  on  local  conditions. 
In   all   cases,  however,   the   water 
should  be  well  filtered  m  a  general 
filter  and  in  addition  a  small  lead 
strainer   provided   with  the   finest 
brass  wire  gauze  should  be  inserted 
in  the  water  supply  line  right  next 
to  the  spray  nozzle.     The  water- 
luted  method  of  connectii^  spraj's 
into   the  top  of   the   chambers   is 
shown  in  Fig.  129,  which  illustrates 
an   acid-proof   spray '   in  position. 
Fig.  129.  A  is  the  water  supply  line,  B  the 

shut-off  cock,  C  the  filter  cylinder, 
D  the  removable  plug  for  filter  when  cleaning,  and  E  the  lead  pipe 
water-luted  at  F  and  easily  removable. 

Draft.  It  has  been  shown  that  a  certain  time  b  required  to  complete  the 
reaction  to  the  point  when  the  remaining  gases  may  safely  be  introduced 
into  the  Gay-Lussac,  that  a  sudden  increase  of  draft  upsets  the  operation 
of  absorption  and  leads  perhaps  to  loss  of  niter,  that  a  sudden  decrease 
leads  to  absence  of  S02  and  niter  or  relative  excess  of  moisture  and  fixation 
of  niter  in  the  last  chamber,  and  that  cither  change  of  draft  leads  to 
variation  in  composition  of  burner  gases.  In  order  to  better  overcome 
the  variations  of  wind  pressure  and  barometric  pressure  and  reduce  the 
operation  of  the  chambers  to  a  smooth  and  even  process  variable  by  inten- 
tion only,  the  regulation  of  draft  is  of  the  utmost  importance.  For  this 
1  Miuie  by  Scliutic  &  Kocrtinp  Co.,  12th  and  Thompson  Sts.,  Philadelphia,  Pa. 
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purpose  an  automatic  regulator  is  generally  located  either  between  the 
last  chamber  (or  tower)  and  the  Gay-Lussac,  or  at  the  exit  of  tKe  Gay- 
Lussac. 

Special  Chambers.  Certain  special  chambers  deserve  mention  and 
comment.  Theodore  Meyer  utilizes  the  centrifugal  action  of  gases 
introduced  tangentially  into  a  circular  chamber  to  separate  the  converted 
gases  from  those  which  have  not  undergone  conversion,  the  temperature 
of  which  has  not  thereby  been  raised.  The  circuitous  path,  it  is  claimed, 
insures  better  exposure  of  every  particle  of  gas  for  a  longer  period  to  the 
action  of  the  nitrous  vapors.  Fig.  130,  Plan  No.  2,  illustrates  the  arrange- 
ment. Several  are  in  satisfactory  operation  in  the  United  States  and  a 
number  abroad  but  the  writer  does  not  happen  to  know  of  any  that  are 
doing  phenomenal  work. 

F.  J.  Falding's  invention  is  described  as  an  apparatus  for  making 
sulphuric  acid  consisting  of  one  lead  chamber  higher  than  it  is  long  or 
wide,  combined  with  a  Glover  tower,  means  for  cooling  the  reaction  prod- 
ucts from  the  chamber  and  a  Gay-Lussac  tower.  J.  B.  F.  HerreschofF 
has  for  fifteen  years  been  advocating  the  advantages  of  chambers  con- 
siderably higher  than  their  width,  pointing  out  that  the  construction  of 
roof  and  foundation  were  substantially  the  same  for  any  height  and  that 
it  was  the  sides  and  not  the  top  of  the  chamber  which  gave  most  efficient 
cooling.  Great  credit  is  due  Falding  for  his  pioneering,  even  though  in 
no  instance  does  this  chamber  appear  to  have  achieved  phenomenal 
intensity  or  economy.  It  is  claimed  that,  "  in  the  improved  lead  chambers, 
the  hot  gases  ascend  by  convention  to  the  top  of  the  chambers,  whereas 
the  lower  zone  is  relatively  cold  and  the  mixture  of  gases  may  be  drawn 
off  from  the  bottom  of  the  single  chamber  with  the  reaction  practically 
quantitatively  complete."  Fig.  130  gives  some  extremely  good  details 
for  attachment  of  chambers  to  structural  steel  frames,  together  with 
general  elevation  and  plan  of  Falding's  chamber  (elevation  1  and  plan  1) 
as  compared  with  Meyer ^s  tangent  system  (plan  2  and  elevation  2),  and 
with  the  ordinary  style  of  chambers  (plan  3  and  elevation  3).  The 
largest  chambers  in  the  world  were  built  on  this  system  at  Copperhill, 
Tenn.,  for  the  Tennessee  Copper  Co.  A  view  of  this  plant  is  given.  Fig. 
128.  The  single  chamber  effect,  however,  is  subject  to  too  quick  varia- 
tions and  consequent  disturbance  of  condition,  and  does  not  seem  to  give 
l)etter  action  in  any  respect. 

Niter  Recovery.  The  Gay-Lussac  tower  should  next  be  considered, 
for  in  it  as  much  as  possible  of  the  oxides  of  nitrogen  must  be  absorbed 
in  sulphuric  of  not  less  than  60°  B6.  in  order  that  they  may  be  returned 
to  the  system  by  dilution  and  heat  in  the  Glover  tower.  As  the  nitrous 
vitriol  supplies  about  90  per  cent  of  the  niter  used  in  the  process,  it  is 
obvious  that  proper  means  for  the  recovery  of  the  niter  is  essential.  It 
has  been  seen  that  a  reduction  in  the  amount  of  niter  supplied  by  the  Glover 
quickly  reduces  the  rate  of  conversion  and  the  temperature  in  the  chambers, 
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that  if  too  much  SO2  and  moisture  are  permitted  to  reach  the  last  chamber, 

a  reaction  occurs  that  tends  to  tie  up  niter  as  HNO3  in  the  bottom  acid 

there  and  that  the  resulting  gases  go  to  the  Gay-Lussac  poorer  in  niter, 

too  rich  in  SO2  and  moisture,  thus  tending  to  denitrify  the  outflowing  acid. 

Not  only  does  this  tend  to  disturb  the  action  of  the  Gay-Lussac  but  it 

tends  to  weaken  the  nitrous  supply  going  to  the  Glover  and  further  reduces 

the  supply  to  the  chambers.     The  disturbance  is,  therefore,  cumulative. 

It  is  counteracted   in  two  ways.     Two  Gay-Lussac  towers  are  Uvscd  in 

series  and  the  flow  on  the  first  is  made  a  recirculated  flow  much  heavier 

than  the  supply  of  fresh  acid  to  the  succeeding  tower  or  of  nitrous  vitriol 

to  the  Glover.     The  effect  is  proportionally  lessened.     Also  a  considerable 

depth  of  bottom  acid  is  carried  in  the  chambers  at  about  the  strength  when 

slight  dilution  rapidly  liberates  niter.     Not  only  does  the  increased  mass 

of  this  acid  serve  as  a  balance  wheel,  its  higher  vapor  pressure  of  N2O3 

supplying  niter  to  the  chamber  gases  when  their  partial  pressure  is  low, 

but  it  also  acts  as  a  direct  corrective  whenever  by  lack  of  niter  the  drips 

become  weak  and  slightly  dilute  the  bottom  acid.     Too  much  emphasis, 

however,  cannot  be  laid  on  the  smooth  and  even  regulation  of  the  niter 

supply.     One  of  the  objections  to  potting  of  niter  is  that  the  action  is 

somewhat  irregular,  whereas  nitric  acid  run  into  the  Glover  tower  along 

with  the  nitrous  vitriol  can  be  regularly  supplied  and  instantly  adjusted. 

Similarly  the  first  step  toward  avoiding  trouble  is  to  provide  the  chambers 

with  an  ample  stock  of  niter  rapidly  and  repeatedly  renewed  by  providing 

them  with  ample  Glover  capacity  and  large  Gay-Lussacs. 

Dimensions  of  Gay-Lussac.  The  dimensions  of  the  Gay-Lussac 
tower  necessarily  correspond  in  a  measure  with  those  of  the  chamber  and 
with  the  capacity  of  the  burners  as  well  as  the  method  of  operation. 
Intensive  working  naturally  requires  the  larger  Gay-Lussac  capacity. 
One  per  cent  of  the  total  chamber  space  may  be  sufficient  for  English 
practice  of  22  cu.ft.  to  29  cu.ft  per  pound  of  sulphur.  Two  per  cent 
Gay-Lussac  space  may  sufiice  for  the  American  practice  of  16  cu.ft.  to 
22  cu.ft.  per  pound,  but  3  per  cent  of  the  chamber  space  is  almost  neces- 
sarily required  for  intensive  working  on  the  basis  of  less  than  16  cu.ft  per 
pound.  As  a  matter  of  fact  it  would  be  economy  in  the  long  run  to  use 
not  less  than  2  per  cent  in  any  case  and  3  per  cent  if  the  method  of  operat- 
ing the  chambers  is  to  be  more  intensive  than  20  cu.ft.  per  pound  of 
sulphur.  These  percentages  apply  to  the  space  occupied  by  the  packing 
and  its  interstices  and  not  to  the  total  space  within  the  lead  shell. 

Gay-Lussac  Packing.  The  packing  of  the  Gay-Lussac  may  consist 
of  coke  but  it  is  probably  true  that  the  best  grades  of  coke  occasion  a 
considerable  loss  of  niter.  Tile  or  special  earthenware  shapes  are  widely 
employed  and  the  greatest  advantages  are  claimed  for  them,  but  in  all 
probability  pumice  on  the  whole  gives  the  best  result  and  only  its  expense 
is  against  it.  Whether  coke,  pumice  or  stoneware  is  used  the  greatest 
care  should  be  used  in  its  selection.     Laboratory  tests  are  not  satis- 
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factory  for  this  purpose  and  experience  with  the  character  of  the  material 
in  actual  tower  service  should  be  the  only  guide  to  its  selection.  As 
with  the  Glover  tower,  the  supply  of  acid  to  the  Gay-Lussac  should  be 
as  regular  and  evenly  distributed  over  the  entire  cross-section  as  possible. 
With  the  Gay-Lussac,  however,  we  have  only  one  kind  of  acid  to  supply. 
The  same  luting  principle  is  used,  only  the  cups  are  not  alternately  supplied 
with  a  different  kind  of  acid.  From  the  Gay-Lussac  the  gases  are  generally 
allowed  to  exit  directly  to  the  atmosphere  or  to  some  large  stack  if  one 
having  the  needed  spare  capacity  is  at  hand.  Lunge  states  that  the  Gay- 
Lussac  towers  need  not  be  lined  as  are  the  Glovers.  They  need  not  be, 
but  it  is  frequently  considered  to  be  in  the  long  run  economical  to  protect 
the  Gay-Lussac  towers  from  possible  mechanical  injury  and  from 
immediate  contact  with  the  gases  by  a  thin  lining  of  a  single  wall  approx- 
imately 9i  ins.  Some  space  is  thus  sacrificed,  but  in  the  larger  towers 
constructed  these  days  the  proportion  of  this  space  is  relatively  small. 

The  higher  towers  require  horizontal  joints  in  the  lead  sheets  which 
cannot  generally  be  obtained  long  enough  to  reach  to  the  bottom  of  the 
tower.  These  joints  should  always  be  made  by  lapping  and  burning  on 
the  outside  with  the  lap  hanging  down  on  the  inside.  None  of  the  main 
vertical  joints  should  be  near  a  comer.  The  changes  of  temperature  in 
the  Gay-Lussac  tower  are  said  to  be  less  than  those  in  the  Glover  and 
it  is  generally  stated  that  the  Gay-Lussac  sides  may  well  be  burned  to  the 
bottom  pan.  As  a  matter  of  fact,  however,  in  a  properly  lined  Glover 
the  temperature  of  the  lead  shell  is  not  greatly  above  that  of  the  atmosphere 
and  the  range  of  variation  of  the  lead  itself  is  approximately  the  same 
in  the  Gay-Lussac  and  Glover.  There  seems  to  be  no  good  reason  for 
changing  the  construction  in  this  respect  from  that  shown  in  Pig.  126. 
A  similar  framework  (except  higher  and  therefore  stronger)  and  similar 
methods  of  attaching  the  sides  to  the  framework  are  used  with  the  Gay- 
Lussac  that  have  been  described  for  the  Glover. 

Circulating  System.  It  is  now  proper  to  describe  in  more  detail  the 
acid  circulating  system  and  the  apparatus  provided  for  this  purpose. 
It  will  be  apparent  that  large  quantities  of  acid  have  to  be  elevated  to  the 
tops  of  the  towers.  Calculation  shows  that  the  nitrous  gases  for  their 
sufficient  recovery  require  that  an  amount  of  60°  B^.,  equivalent  to  60 
per  cent  of  the  total  production  of  the  chambers,  be  nm  down  the  Gay- 
liussac  per  day.  In  practice  this  is  generally  90  to  150  per  cent.  When 
intensive  work  is  used,  150  to  300  per  cent  is  needed.  The  practical  limit 
is  sometimes  introduced  by  the  heating  and  concentrating  capacity  of 
the  Glover.  The  denitrating  action  of  the  Glover,  however,  is  very 
largely  dependent  on  direct  action  of  SO2  (importance  of  having  rich 
hot  gases)  and,  if  the  chamber  acid  is  otherwise  concentrated  or  is  used 
up  in  the  works,  or  is  sold,  and  the  Glover  acts  mainly  if  not  wholly  as 
a  denitrator,  this  concentrating  limit  is  not  so  quickly  felt.  The  Glover 
product  must  be  always  about  60°  (77.6  per  cent)  or  the  absorption  in 
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the  Gay-Lussac  will  be  unsatisfactory.  The  chamber  acid  will  not  much 
exceed  53"  B^.  (69.66 

per  cent)  and  the  mix- 
ture of    acids  at  the 

bead    of    the   Glover 

should  not  be  stronger 

than    58°   B6.   (74.36 

per   cent),    preferably 

less,  if  it  is  to  be  fully 

denitrated   and    niter 

is  not  to  be  lost  as  an 

impurity  with  60°  acid 

shipped  or  used.    This 

58°  T^ould  permit  (for 

the    concentration  in  Fia.  !3l. 

the  Glover  of  theentire 

"  make  "  of  chamber  acid)  the  admixture  of  two  times  this  "  make  "  from 

theOay-Lussac.  Twenty 

tons  60°  acid  made  per 

day  would   thus  require 

40   tons    for    the    Gay- 

r-vT->-_     Lussac  and  the  elevation 

■— *  "^      of  100  tons  to  the  heads 

-"   "  - "     of  the  towers  if  a  single 

Gay-Lussac    were   used. 

Two  Gay-Lussac8  would 

mean   the    elevation    of 

more  than  140  tons  per 


This  lifting  has  almost 
universally  been  done  by 
compressed  air  a«lmitted 
into  vessels,  Fig.  131. 
These  "eggs"  are  filled 
^vith  acid  through  a  pipe 
cont^ning  some  form  of 
chock  valve  that  prevents 
its  return.  Air  is  then 
automatically  or  manu- 
ally admitted  through 
another  pipe.  A  third 
pipe  from  the  bottom  of 
the  vessel  pennitK  the 
acid  un<ler  pressure  to 
leave  the  vessel  followed  by  the  rush  of  air  of  ctjual  or  slightly  grcatei 


Fia.  132. — Kcstner  Autamalic  Elevator. 
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compressed  volume  than  the  acid  pumped^a  method  wasteful  in  the 
extreme.  Fig.  132  shows  one  of  the  automatic  Kestner  lifts  attax-hed 
to  a  small  acid  eg^,  the  operation  of  which  will  t^e  apparent  from  the 
illustration.  These  Kestner  lifts  have  been  used  for  j'ears  by  many  of 
the  largest  acid  manufacturers  and  have  given  entire  satisfaction.'  !Mod- 
erately  heavy  walled  lead  pipe  is  used  throughout  the  chamber  plant  for 
the  transportation  of  acid.  Recently  lead-lined  iron  pipe  has  found  great 
favor  for  that  portion  of  the 
-  -  "ja-  acid  lines  subjected  to  verj- 

heavy  pressure  (like  those 
from  the  eggs  to  the  heads 
of  the  Gay-Lussac  tower) 
or  to  jars  by  reciprocating 
pumps  or  lifts.  Geared 
pumps  if  made  of  iron 
require  excessive  repairs. 
Stoneware  pumps  have 
not  tlii^  objection  but  are 
hardly  safe  to  use  alx)ve  30 
lbs.  pressure  or  40  ft.  acid- 
head.  Centrifugal  pumps, 
arranged  in  stages,  have 
been  tried  with  excellent 
success  for  low  lifts  of  strong 
acid  but  in  the  chamber 
work  all  of  the  acid  is  62* 
or  weaker  and  the  necessity 
for  perfect  regularity  of 
operation  makes  it  unde- 
sirable to  multiply  the  me- 
chanical devices  necessarj' 
to  accomplish  the  single  lift. 
Positive  acting  steam  pumps 
have  been  used  succes.sfully 
for  acid,  but  arccorrodedand 
it  is  doubtful  whether  they 
are  any  more  economical  than  the  best  air  lifts  {Pohl^}  where  the  necessary 
depth  is  obtainable.  Figs.  133,  134,  and  135  show  the  general  arrange- 
ment of  three  different  tjTJes.  Polil^  lifts  consume  only  about  half  the  ah 
required  for  blowing  by  eggs,  furnish  a  steady  stream  like  a  pump,  are 
without  moving  parts  and  can  be  made  practically  free  from  wear.  For 
small  installations  they  are  very  satisfactory  even  for  lifting  by  stages 
when  the  necessary  depth  can  be  obtained  without  too  much  expense. 
'  They  may  be  obtain«K3  from  the  Bethlehem  Foundry  and  Machine  Co.  complete 
with  all  aceessoriea. 


Fio.  134. 


Fig.  135. 
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A  is  the  air  pipe  through  which  compressed  air  is  carried  down  to  the 
bottom  of  a  well  or  shell  surrounding  the  pump  pipes.     B  is  an  acid  pipe 
connected  with  the  tank  supplying  acid  to  be  elevated.     C  is  the  pipe 
for  carrying  the  mixed  air  and  acid  up  to  the  point  of  delivery.     The  dis- 
tance from  the  bottom  of  the  acid  tank  to  the  bottom  of  the  well  or  point 
of  emission  of  air  should  be  at  least  one-half  of  the  lift  from  the  tank  to 
the  point  of  delivery.     The  three  different  arrangements  are  substantially 
the  same  in  general  effect  but  Fig.  135  is  to  be  preferred  because  by  this 
arrangement  it  is  possible  to  get  at  and  remove  either  the  air  pipe  or  the 
acid  supply  or  the  lifting  pipe  without  affecting  the  general  arrangement 
of  the  whole  apparatus.    Also  at  the  head  of  the  air  lift  long  curves  (D, 
Fig.  134)  should  be  used  rather  than  angles  since  the  shock  of  the  alternate 
plugs  of  air  and  heavy  acid  frequently  causes  sufficient  jarring  to  injure 
the  pipe.^ 


J 


\^3/ 


Fig.  136. 


Movement  of  Gases.  The  fans  used  for  actuating  the  gases  in  the 
chamber  system  are  of  three  types,  according  to  location,  between  the 
dust  chambers  and  the  Glover,  between  the  Glover  and  the  acid  chambers, 
or  between  the  acid  chambers  and  the  Gay-Lussac. 

In  the  first  case  a  steel  fan,^  water  cooled,  is  used  very  successfully 
in  handling  the  hot  gases;  in  the  second  place  a  regulus  metal  fan^  is 
frequently  used  as  that  illustrated  in  Fig.  136,  and  in  the  third  instance 

^The  quantity  of  acid  handled  in  a  large  sulphuric  acid  plant  operating  on  the 
inteni«ive  system,  is  very  great  indeed,  reaching  in  some  instances  6000  tons  a  day. 
Elevation  of  this  acid  by  the  old  blowing  method  would  be  subject  to  an  almost 
prohibitive  expense,  particularly  in  view  of  the  higher  Gay-Lussac  towers  and  the 
larger  general  scale  of  commercial  operation.  So  far  the  best  method  of  elevating 
large  quantities  of  acid  in  the  chamber  system  is  that  employed  by  Utley  Wedge. 
This  consists  of  balanced  st^  mine  skips  attached  to  a  cable  running  over  a  hoisting 
drum  located  above  the  heads  of  the  towers  or  in  an  adjacent  hoisting  house. 

«  Manufactured  by  A.  P.  O'Brien,  Richmond,  Va. 

*  Manufactured  by  the  Sturtevant  Blower  Co.,  of  Hyde  Park,  Mass. 
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a  stoneware  fan  ^  may  be  used  such  as  is  illustrated  in  Fig.  137.  Stone- 
ware fans  may  possibly  be  used  between  the  Glover  and  the  first  chamber, 
but  the  high  temperature  is  exceedingly  liable  to  cause  breakage  of  a  fan 
blade  or  of  the  entire  blast  wheel.  Running  at  such  high  speed  any  break 
might  cause  very  serious  damage  to  the  lead  flues,  or  chambers,  or  both. 
On  the  other  hand,  the  regulus  metal  fan  (owing  to  the  heat,  velocity 
and  considerable  niter  content  of  the  gases)  is  subject  to  rapid  corrosion. 
Such  a  fan  may  also  be  used  between  the  chamber  and  the  Gay-Lussac 
but,  in  this  case,  there  is  no  objection  to  using  the  stoneware  fan  which  is 
entirely  practical  and  absolutely  permanent.  In  tlfe  writer's  opinion, 
where  only  one  fan  is  used  it  is  best  located  between  the  burners  (or  else 
the  dust  chambers)  and  the  Glover  tower,  and  constructed  on  the  O'Brien 
principle.     Extremely  satisfactory  results  have  been  obtained  in  this  wa3^ 

Where  this  is  objectionable  or 
where  it  is  desired  to  operate 
with  a  balanced  draft  (two 
fans)  as  recommended  by 
Falding,  the  second  fan  can 
best  be  located  just  before 
the  Gay-Lussac  tower.  For 
this  purpose  the  writer  pre- 
fers the  larger  sizes  of  stone- 
ware fans.^ 

Steam  jets,  formerly  con- 
sidered so  valuable,  are  an 
extremely  expensive  means 
of  securing  draft  and  should 
only  be  used  in  case  of  emer- 
gency for  which  purpose  they 
are  best  located  at  the  exit 
of  the  Gay-Lussac  tower. 
Beyond  question,  however,  much  can  be  done  to  reduce  the  amount  of 
power  necessary  to  secure  a  good  draft  (if  not  eliminate  mechanical  draft 
entirely)  by  judicious  selection  of  flue  cross-sections  and  of  relative  heights 
of  inlets  and  outlets. 

This  is  particularly  the  case  where  the  ground  configuration  permits 
location  of  apparatus  at  very  different  levels  without  the  building  of 
expensive  supports  and  foundations.  When  the  Glover  is  located  well 
above  the  burners,  the  chambers  set  high  above  the  ground,  when  a  tall 
Gay-Lussac  is  used  and  open  packing  employed  for  these  towers  with 
large  connecting  riues,  natural  draft  is  generally  found  to  be  sufficient  for 

*  The  particular  fan  is  selected  from  the  patterns  of  the  Didier-March  Co.,  New 
York  City. 

^  Also  manufactured  in  Germany  by  Deutsche  Steinzeugwaarenfabrik,  Friedrichs- 
feld,  Baden,  and  Vereinigte  Thonwaarenwerke  Aktiengesellschaft,  Berlin. 


^^^ 


Fig.  137. 
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"  moderate  "  working.  "  Intensive  "  working  with  narrower  chambers, 
intermediate  towers,  larger  percentage  of  niter  to  be  recovered  and  two 
Gay-Lussacs  more  closely  packed,  requires  forced  draft.  The  use  of 
fines  burners  and  efficient  dust  chambers  further  add  to  the  resistance 
in  the  path  of  the  gases. 

Purification  of  Sulphuric  Acid.  Sulphuric  acid  as  manufactured  in 
the  chambers,  particularly  as  concentrated  in  the  Glover  tower,  exhibits 
certain  impurities  that  are  quite  important  from  an  industrial  point  of 
view.  These  are  lead,  iron,  arsenic,  selenium,  antimony,  aluminum  salts, 
nitrous  oxides  and  nitric  acid,  platinmn,  mercury,  the  alkalies,  calcium, 
and  copper.  Most  of  these  impurities  can  be  traced  directly  to  flue  dust 
and  experiments  carried  out  during  the  development  of  the  contact 
process  indicate  that  practically  all  of  these  impurities  can  be  removed 
by  filtration  provided  other  reasons  justify  sufficient  cooling  to  permit 
thorough  filtration  before  passing  to  the  chambers.  Unfortunately, 
this  prevents  the  use  of  a  Glover  because  the  gases  cannot  be  satis- 
factorily filtered  unless  they  are  cooler  than  200°  C.  Much,  however,  can 
be  done  to  reduce  the  amount  of  these  impurities  by  the  thorough  removal 
of  dust. 

Where  pure  acid  is  required,  however,  none  of  these  preliminary  means 
will  serve.  The  acid  must  be  treated  specially  in  order  to  obtain  the 
desired  results.  It  is  found  that  if  the  acid  is  treated  with  H2S  for  the 
removal  of  arsenic,  practically  all  other  impurities  are  removed  at  the 
same  time  and  the  acid  is  even  clarified  from  some  inert  suspended  matters 
that  are  undesirable  in  appearance  only.  If,  however,  a  thoroughly  pure 
and  limpid  acid  is  required,  there  is  practically  no  way  of  obtaining  it 
except  by  distillation  on  the  one  hand  or  the  use  of  the  contact  system 
on  the  other.  Sulphuric  acid  as  made  in  the  chambers  will  vary  in  its 
arsenic  content  from  about  0.1  per  cent  up  to  about  0.3  per  cent  accord- 
ing to  the  ore  used  and  the  amoimt  of  dust  carried  over  from  the  burners. 

Where  concentrated  acid  along  with  battery  acid  is  to  be  made  by  the 
Herreschoff  system  the  easiest  way  of  disposing  of  arsenic  is  probably 
to  oxidize  it  thoroughly  with  nitric  acid  and  heat,  after  which  the  excess 
of  nitric  is  removed  with  ammoniiun  sulphate.  As,  however,  the  use  of 
the  Herreschoff  system  of  concentration  is  exceedingly  limited,  two 
general  methods  of  purifying  are  most  common,  both  depending  upon 
the  action  of  sulphides  liberating  H2S.  As  acid  of  55°  B6.  acts  directly 
on  the  H2S,  decomposing  it  and  giving  off  sulphur  that  is  extremely 
difficult  to  remove  by  filtration,  it  is  best  in  carrying  out  the  puri- 
fication of  the  acid  to  have  it  diluted  to  about  45°  or  48°  B6.  Herein 
lies  the  chief  objection  to  the  chamber  process  for  the  making  of  pure 
acid.  The  chamber  process  should  concentrate  substantially  the  entire 
niake  to  at  least  60°  B6.  by  use  of  the  Glover  tower,  simultaneously 
denitrating  all  the  nitrous  vitriol  from  the  Gay-Lussac.  If  purified 
acid  is  required,  this  concentrated  acid  from  the  Glover  must  be  diluted 
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with  considerable  quantities  of  water  or  else  the  chamber  acid  must  be 
taken  and  slightly  diluted  for  the  purpose.  Then  after  purification  it  is 
practically  impossible  to  concentrate  the  purified  acid  by  the  heat  of  the 
Glover  tower,  even  when  carrying  out  the  nitration  in  another  Glover, 
without  so  far  causing  the  contamination  of  the  acid  as  to  undo  all  that 
has  been  done  by  purification.  This  explains  why  many  works  manu- 
facturing acid  for  the  general  trade  have  so  long  retained  the  old  system 
of  purifying  acid  direct  from  the  chambers  and  then  concentrating  it 
above  the  burners  and  finally  in  platinum  stills.  Likewise  it  explains  the 
great  progress  made  by  the  contact  process  with  manufacturers  whose 
output  is  distributed  widely  to  the  general  chemical  trade. 

After  the  sulphuric  acid  has  been  diluted  to  the  necessary  strength, 
it  is  submitted  to  the  action  of  substances  producing  hydrogen  sulphide, 
or  to  the  action  of  the  gas  itself,  in  large  tanks  arranged  for  alternate 
precipitation  and  intermediate  settling  of  the  arsenic  sulphide  produced 
and  likewise  arranged  to  be  connected  alternately  with  filter  tanks  where 
the  last  traces  of  this  mud  can  be  separated  out  from  the  acid.  The 
method  most  generally  used  in  this  country  is  believed  to  be  the  purifica- 
tion by  means  of  gaseous  H2S.  This  is  prepared  by  the  action  of  sul- 
phuric acid  on  ferrous  sulphide  in  a  heavily  built  generator,  similar  in 
principle  to  the  Kipp. 

The  hydrogen  sulphide  gas  is  supplied  to  the  acid  in  either  of  two  ways, 
tanks  or  towers.  The  objection  raised  to  the  former  is  that  the  gas  has  to 
be  pumped  through  such  a  considerable  depth  of  liquid;  this  seems  unim- 
portant when  it  is  considered  that  it  only  means  making  the  generator 
somewhat  more  resistant  to  pressure  and  arranging  the  gas  pipes  so 
that  they  can  be  elevated  nearer  to  the  surface,  when  the  gas  generation 
is  substantially  over,  to  let  the  residual  gas  out  of  the  generator.  If 
towers  are  used,  the  acid  is  distributed  to  their  tops  in  very  much  the  usual 
way  and  they  are  carefully  packed  with  shaped  stoneware  or  brick  pieces 
of  approximately  triangular  section  so  that  no  flat  upper  surface  can  be 
presented  for  the  collection  of  the  precipitate.  Slight  pressure  is  some- 
times used  in  the  tower  and  generally  the  exit  gases  are  scrubbed  with 
water  or  milk  of  lime  to  retain  any  H2S  that  might  otherwise  pass  away. 
The  test  used  to  ascertain  when  purification  has  been  sufficiently  complete 
is  the  ordinary  Marsh  test.  The  acid  rimning  down  out  of  the  tower  is 
yellow  in  color  and  extremely  muddy.  Sometimes  part  of  the  arsenic 
sulphide  is  removed  by  preliminary  settling.  Others  take  the  entire 
mud  directly  to  the  filter  tanks,  false-bottom  tanks  with  grid  composed 
of  heavy  plank  covered  ^vith  lead  or  acid-proof  brick  having  com- 
municating gutters  underneath.  In  either  case  the  grid  is  covered 
first  with  pieces  of  quartz  and  then  with  finer  material  until  the  grade  of 
ordinary  sand  is  reached  over  which  is  a  perforated  lead  sheet  to  prevent 
disturbing  the  sand  when  the  arsenic  sulphide  is  removed.  The  filtering 
layer  thus  fonned  is  finally  covered  with  a  layer  of  arsenic  sulphide  dry. 
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The  acid  is  run  in  carefully,  not  to  disturb  this  layer,  and  then  the  level  of 
acid  maintained  without  allowing  it  to  reach  the  surface  of  the  filter  until 
it  is  found  necessary  to  empty  the  filter  entirely  to  clean  it.  The  period 
for  cleaning  such  a  filter  is  approximately  one  to  five  weeks  accordbg 
to  the  quantity  and  impurity  of  the  acid  used.  From  the  bottom 
of  the  tank  a  down-flow  pipe  passes  into  a  liquid  separator  to  which 
suction  is  applied  and  out  of  the  bottom  of  which  the  acid  flows  into  a 
liquid  lut«  provided  in  a  tank  from  12  to  18  ft.  below  according  to  the 
suction  to  be  used. 

A  better  practice  in  precipitating  the  arsenic  sulphide  is  to  use  separate 
tanks  for  the  precipitation  from  those  used  for  filtration  and  also  a  final 
absorption  tower.     The  precipitation  tanks  are  provided  with  steam  pipes 
for  heating  and  with  perforated  pipes  for  introducing  the  H2S.     The 
latter  are  connected  from  a  general  H2S  main  leading  to  the  generator. 
Each  tank  is  covered  and  has  a  pipe  for  the  unabsorbed  H2S  which 
leads  it  to  a  small  absorbing  tower.     Down  this  tower  is  run  a  stream  of 
acid   just  suflicient   to   supply  the  capacity  of  the  purification  plant. 
That  is,  w^hile  one  tank  is  being  treated  another  is  being  filled  by  the  slow 
stream  of  acid  from  the  tower  and  the  rate  of  filling  of  the  second  tank 
is  so  regulated  that  it  is  ready  to  treat  by  the  time  the  other  tank  is  ready 
to  be  filled.    A  set  of  filter  tanks  is  provided  on  a  considerably  lower 
level.     Unlike  the  usual  filter  tank  these  have  a  large  compartment  below 
the  filter  bed  into  which  the  acid  is  conducted  from  the  tanks  above  so 
that  the  filtration  takes  place  upward  through  the  bed,  and   clear   acid 
appears  above  and  can  be  syphoned  off  at  the  convenience  of  the  operator. 
In  the  precipitating  tanks,  the  treatment  can  be  so  arranged  as  to  allow  a 
considerable  period  for  settling  and  part  of  the  acid  can  then  be  drawn  off 
from  the  upper  tanks  directly  into  the  upper  compartment  of  the  filter 
tanks  sufficiently  clear  for  practical  purposes.     The  advantage  of  filtra- 
tion from  the  bottom  upward  is  that  when  the  filters  finally  become  clogged 
it  is  not  necessary  to  dismantle  them  or  remove  any  of  the  material.    Instead 
the  mud  is  drawn  from  the  bottom  compartment  along  with  some  acid 
into  a  settling  tank  from  which  the  clearest  acid  can  be  returned  for 
filtration.    The  outlet  from  the  lower  compartment  is  then  switched  to  a 
storage  tank  used  for  preparing  dilute  acid  for  the  hydrogen  sulphide 
generator  and  the  water  hose  is  turned  into  the  upper  compartment  above 
the  filter.     The  passage  of  water  downward  through  the  filter  carries 
backward  out  of  the  interstices  all  the  accumulated  arsenic  sulphide  and 
leaves  the  filter  substantially  clean  and  ready  to  start  in  again  on  a  new 
cvcle. 

By  this  means  sulphuric  acid  containing  a  total  impurity  of  .05  per 
cent  can  readily  be  obtained.  The  arsenic  is  substantially  eliminated 
if  the  treatment  is  carried  out  with  gaseous  H2S,  falling  to  about  .003 
per  cent.  For  comparison  it  may  be  noted  that  the  best  contact  acid 
contains  about  .000005  per  cent. 
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Of  the  various  methods  used  for  the  precipitation  of  the  arsenic  and 
other  impurities  by  generation  of  the  H2S  within  the  liquid,  probably  the 
best,  and  certainly  the  most  frequently  used,  has  been  the  precipitation 
with  barium  sulphide.     The  advantages  presented  by  barium  sulphide 
are  two-fold.     First,  the  barium  itself  is  precipitated  as  sulphate  in  the 
liquor  and  adds  greatly  to  the  weight  and  density  of  the  precipitate. 
Second,  substantially  no  soluble  material  is  left  in  the  liquor  to  interfere 
with  subsequent  concentration  or  use  of  the  acid.     The  acid,  however, 
must   be   diluted  to  sp.gr.  1.4  containing  50  per  cent  of  H2SO4-     To 
obtain  the   best    results    it    must   then    be   heated  to  about    80*^    C. 
and  a  warm  solution  of  barium  sulphide  7^°  to  8°  B^.  run  in  at   the 
bottom  of  the  vessel  in  such  a  manner  as  to  prevent  the  escape  of  H2S. 
The  most  convenient  way  of  doing  this  is  to  divide  the  liquid  through  as 
many  small  openings  as  will  permit  the  passage  of  the  gas  without  plugging 
up  by  formation  of  the  precipitate.     These  openings  may  profitably  be 
placed  beneath  a  perforated  shelf  of  lead,  or  a  ribbed  shelf  without  p>erfora- 
tions  but  aroimd  the  edges  of  which  are  serrations  to  divide  the  bubbles 
of  gas  again.    The  separation  of  the  purified  liquid  from  the  mud  may 
be  carried  out  by  either  of  the  usual  filtration  methods.     The  only  objec- 
tion presented  by  the  barium  sulphide  treatment  is  that  the  purification 
cannot  be  carried  so  far  in  this  way.     Nearly  double  the  amount  of  arsenic 
remains  in  the  acid.     This  can,  of  course,  be  removed  by  subsequent 
treatment  with  gaseous  H2S  but,  if  the  treatment  by  gas  is  to  be  under- 
taken, the  whole  operation  might  better  be  carried  out  by  the  gaseous 
method. 

The  Concentration  of  Sulphuric  Acid.  Two  systems  of  concentration, 
illustrating  the  wide  range  of  principles  employed  in  practice,  will  be 
described. 

The  first  installation,  Figs.  138  and  139,  will  be  that  likely  to  be  found 
in  a  chemical  plant  manufacturing  a  good  grade  of  66^  acid;  according 
to  methods  at  the  disposal  of  one  who  does  not  control  or  care  to  pay  royalty 
upon  contact  processes.  The  acid  will  have  been  purified  in  some  manner, 
probably  by  the  use  of  H2S  gas,  and  will  be  approximately  46**  B6.  Lump 
burners  will  be  found  of  the  usual  type  except  that  probably  the  flue 
above  the  arches  will  be  somewhat  higher  at  one  end. 

The  common  flue  above  the  burner  is  crossed  at  suitable  intervals 
with  supporting  beams,  set  in  reinforced  concrete.  Beginning  with  the 
burner  furthest  away  from  the  supply  of  acid,  the  flue  is  very  low,  increas- 
ing in  height  toward  the  acid  supply  end.  This  results  from  the  successive 
rise  of  the  lead  pans  to  allow  for  the  downward  flow  of  the  acid.  Upon 
these  protected  I-beams  are  laid  cast-iron  plates.  If  ins.  thick  at  the  lower 
end  and  1  in.  at  the  upper  end  furthest  away  from  the  burner  arch.  Passing 
backward  along  the  flow  of  the  acid  each  of  the  beams  is  raised  1  in. 
higher  than  the  preceding.  On  the  iron  plates  a  layer  of  coarse  sand  is 
placed,  as  thin  as   can  be  made  with  absolute  certainty  of  ever3rwhere 
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having  a  separation  of  aand  between  the  iron  and  lead  in  order  to  prevent 
immediate  contact  between  them,  as  these  points  would  thus  become  over- 
heated and  cause  excessive  corrosion  of  the  lead.  Two  or  three  layers 
of  thin  asbestos  paper  may  be  used  instead  of  the  sand.     The  pans  vary 


Fig.  138. 

gradually  in  depth  from  8  to  14  ins.  and  vary  also  in  thickness,  from  25 
to  lO-lb.  lead  being  used.  After  the  pans  are  all  in  place  the  long  double 
edges  where  they  abut,  are  bent  over  to  form  lipa.  The  direct  flowing 
of  the  acid  over  these  lips  is  not  altogether  desirable,  first  because  it  wears 
the  lip,  and  second  because  the  2  ins,  left  below  the  top  of  the  pan  does 

>t^         ¥         ^         ^         E ^ -L. 


Fig.  139. 

not  give  a  sufficient  factor  of  safety  in  case  of  temporary  obstruction  to 
the  flow.  For  the  transfer  of  the  acid  under  ordinary  circiunstanccs, 
therefore,  a  small  syphon  hung  in  this  lip  is  preferred. 

From  the  series  of  pans  Fig.  139,  the  acid  continues  its  downward  flow 
into  another  series  of  pans  Figs.  140-141,  which  may  unmedlately  adjoin 
the  first  series  or  be  located  in  an  entirely  different  building.     These  pans 
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utilize  the  waste  heat  from  the  bi|;her  conceotration  apparatus  to  be 
described,  and  are  located  over  the  flue  supported  on  perforated  cast- 
iron  plates.  These  plates  give  a  larger  output  with  entire  safety  and 
better  fuel  economy  but  do  not  serve  to  protect  the  flue  below  as  do 
the  solid  plates  rimmed  around  the  edge.  The  acid  then  flows  from 
the  pan  to  the  platinum  still,  the  rate  of  flow  Iwing  regulated  auto- 
matically. 

PUtmum  Stills.  Many  shapes  and  patterns  of  platinum  stills  have  been 
designed  and  special  advantages  claimed  for  each.  In  all  probability 
the  net  result  is  just  about  the  same  in  the  long  run  except  that  the  lower 
and  longer  pans  are  more  economical  of  platinum.  Some  stills  are  pro- 
vided with  baffle  partitions  causing  a  circuitous  flow  of  the  acid  througb  tht- 
still,  the  advantage  claimed  for  these  l>eing  that  a  better  concentration 
is  obtained  in  a  single  operation.  Against  this  must  be  set,  not  only 
the  small  increase  in  platinum,  but 
also  the  very  great  increase  in  liability 
to  leakage  and  in  irregular  strains 
on  the  bottom  of  the  pan.  Corrugated 
bottoms  are  used  in  some  patterns 
of  platinum  still.  They  present  about 
60  per  cent  more  surface  for  transfer 
of  heat,  but  on  the  other  band, 
increase  to  some  extent  the  difficulty 
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of  making  side  joints  and  consequently  the  liability  to  leakage.  They 
have,  however,  the  advantage  of  stiffening  the  iMittom,  Lining  with 
gold  has  l>pen  found  to  greatly  increa.se  the  life  of  the  platinum  pan 
and,  at  the  present  relative  prices  of  gold  and  platinum,  is  a  very  marked 
saving.  Gold  resists  about  seven  times  as  well  as  platinum.  The  gold 
is  not  plated  on  or  attached  by  dipping,  but  must  be  attached  by 
the  method  invented  by  one  of  Heraeus'  &ssistants.  The  overheated 
gold  is  poured  on  top  of  the  platinum  ingot  heated  nearly  to  fusion, 
forming  a  double  ingot  which  is  then  rolled  into  the  sheet  to  be  made 
up  into  stills. 

The  chief  agents  injurious  to  the  stills  are  the  hj'drogen,   carbon, 
sulphur  and  silica  (from  the  Arc  gases,  causing  crystallization  and  brittlenesB 


SULPHURIC  ACm  199 

of  the  platinum),  or  mercury  (forming  amalgam),  or  iron  and  aluminimi 
sulphate  \idth  traces  of  calcimn  sulphate,  magnesiimi  sulphate,  lead  sul- 
phate and  silica  (from  the  acid  in  the  stills,  forming  crusts  and  tending  to 
cause  local  overheating,  undue  mechanical  strain,  and  possibly  chemical 
injury). 

The  pair  of  stills  illustrated  (Fig.  141)  with  accessories  weighs  about 
100  lbs.  and  costs  $50,000.     It  will  be  noted  that  the  fireplace  is  set  some- 
what low  and  ample  room  given  above  the  fire  for  the  complete  mixture 
and  combustion  of  the  gases  so  that  hydrogen  and  carbon  shall  have  the 
least    opportunity   of   reaching   the   still.     Furthermore,    the    ascending 
gases  strike  directly  against  the  porous  arch  from  which  they  are  partly 
deflected  through  the  alternate  pigeon-holing  which  supports  the  left- 
hand  side  of  the  arch.     From  there  they  pass  upward  under  the  still  in  a 
diagonal  direction  calculated    to  avoid  the  impingement  of  suspended 
matter  against  the  bottom  of  the  still  and  at  the  same  time  give  the  freest 
possible  circulation  of  heated  gases  across  the  bottom  of  the  still.     Some 
authorities  prefer  the  location  of  the  still  lengthwise    of    the  flue,    as 
this  will  better  exhaust  the  heat  of  the  gases.      As  most  installations 
utilize  all  the  waste  heat  of  the  gases  in  any  case  under  preliminary  con- 
centration pans,  it  is  preferred  to  place  the  still  crosswise  of  the  flue  and 
obtain  the  contact  between  the  hottest  possible  gases  and  the  platinum 
surface  throughout,  leaving  no  opportunity  for  partially  cooled  layers 
of  gas  to  linger  against  the  bottom  of  the  still.     A  second  opportunity 
is  then  offered  the  gases  to  drop  whatever  dust  may  have  been  carried 
gradually  up  over  the  arch  and  then  they  again  strike  diagonally  under 
the  second  platinum  still.    From  here  the  gases  pass  downward  into  the 
flue  and  behind  the  fireplace  into  the  first  described  pan-flue.    The  plat- 
inum still  is  not  supported  directly  upon  the  brickwork  but  upon  an  iron 
ring  and,  to  increase  the  efficiency  of  its  distilling   action  and  return 
as  little  condensation  as  possible,  it  is  customary  to  set  the  iron  ring  below 
the  top  of  the  brickwork  and  to  protect  the  top  of  the  still  from  cold  air 
by  iron  plates  which  may  be  simply  laid  on  top  of  the  brick  setting.    The 
upper  still  is  intended  to  be  fed  at  about  60**  B^.  and  the  lower  still  to 
carry  the  acid  up  to  98  per  cent  if  desired,  making  a  distillate  of  from  60 
to  63°,  which  is  returned  to  the  first  still. 

In  the  installation  shown  the  distillate  outlet  pipes  were  of  platinum 
and  provided  with  iron  covers  acting  as  condensers.  Platinum  stills 
should  be  frequently  cleaned,  and  washed  out  with  hot  water.  Any 
strong  acid  left  in  the  stills  should  be  carefully  removed  before  washing. 
Where  concentration  of  sulphuric  acid  is  to  be  carried  out  in  platinum 
pans,  it  is  desirable  to  remove  the  last  traces  of  lower  oxides  of  nitrogen. 
This  is  best  done  by  addition  of  ammonium  sulphate,  liberating  the  nitro- 
gen as  such.  Nitrosyl  sulphuric  acid  reacts  with  ammoniimi  sulphate 
as  follows:  2N02HOS02+(NH4)2S04=3H2S04+2H20+4N.  With 
N2O3    the    reaction    is    N203+2NH3  =  3H20-|-4N.     With    nitric    acid, 
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3HN03+5NH3  =  9H20+8N.  Ordinarily  about  .1  to  .5  per  cent  of 
smmoDium  sulphate  is  required.  It  has  been  found  that,  while  the  reaction 
of  nitrosyl-sulphuric  and  N2O3  is  rapid,  with  nitric  it  is  slow.  There- 
fore the  presence  of  nitric  acid  in  sulphuric  to  be  concentrated  in  platinum 
should  be  as  far  as  posailile  avoided  and  as  an  added  precaution  it  is 
well  to  add  the  ammonium  sulphate  far  enough  in  advance  that  it  may 
have  ample  chance  to  be  heated  and  boiled  with  the  acid  for  a  considerable 
time  before  passing  to  the  still.  This  is  most  conveniently  carried  out 
in  the  present  installation  by  the  addition  of  the  ammonium  sulphate 
to  one  of  the  earlier  pans.  Of  course  where  purified  acid  is  being  treated, 
as  in  the  particular  installation  described,  the  addition  of  ammoniuni 
sulphate  will  hardly  lie  necessarj'. 

Owing   to    the  prohibitive  cost   of  platinum  it  is  being  abandoned 
almost  completely  in  England.     Better   designed   stills   with   tile  lining, 
Kestner  stills,  towers,  or  tniica  dishes  in  cascade  are  rapidly  replacing  it. 
What  has  been  for  many  years  regarded  by  some  as  the  most  perfect 
type  of  concentrating  apparatus  for  sulphuric  acid,  is  the  still  or  furnace 
which  was  invented  by  Mr.  L.  Kessler, 
securing  from  the  French  National  Society 
for  the  Encouragement  of  Industry  the 
first  gold  medal.     Since  its  original  de- 
velopment  in   1890  the    apparatus   has 
lieen  improved  in  minor  details,  but   it 
is  substantially  the  same  and  still  remains 
f!       one  of  the  best   for  the  concentration 
?        of  sulphuric  acid   that    has   ever   been 
2        developed.     Fig.  142  shows  the  arrange- 
^        ment  of  the  Kessler  apparatus.     Fig.  143 
is  a  detail  of  the  portion  in  which   the 
hot  gases  first  come  in  contact  with  the 
acid,  and  also   of  that  portion   of   the 
apparatus    in    which    the    preliminary 
Fio-  142.  concentration  is  carried  out.     In  C,  Fig. 

142,  a  deep  coke  fire  is  built,  making 
it  practically  a  coke  producer-gas  installation,  and  ports  are  provided 
above  the  fire  for  the  admission  of  a  regulated  supply  of  excess  oxygen 
for  burning  the  carbon  monoxide  produced  in  the  coke  fire.  An  excess 
of  this  oxygen  is  allowed  so  as  to  somewhat  reduce  the  temperature  of  the 
gas  and  the  heated  gases  are  taken  through  the  flue  into  the  saturex  at 
about  900°  C.  The  first  apparatus  is  called  the  gasogen  or  gas-making 
apparatus.  It  is  built  entirely  of  brick  properly  buck-stayed,  provided 
with  a  simple  and  convenient  grate  and  an  opening  in  the  top  for  supply 
of  coke.  The  fire  is  built  so  that  it  requires  attention  not  more  than 
twice  during  the  twenty-four  hours  and  sometimes  only  once  in  twenty- 
four  hours.     During  this  period  of  replenishing  the  fire  a  damper  permits 
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entire  shutting  off  from  the  concentratii^  apparatus  so  that  any  dust 
formed  during  this  period  of  disturbii^  the  fire  is  not  carried  into  the 
acid.  The  duration  of  this  interruption  does  not  exceed  one  hour,  and 
mth  proper  equipment  may  be  completed  in  half  an  hour  or  less,  the 
larger  part  of  this  time  being  given  to  clearing  the  Ere  of  dust  by  allowing 


it  to  bum  directly  up  the  stack  for  a  few  minutes.  After  the  gases  above 
the  fire  have  Income  clear,  the  damper  is  opened  and  the  heated  gases 
admitted  directly  to  the  saturex. 

The  saturex  in  which  the  final  concentration  is  carried  out  consists 
of  a  volvic  lava  box  carefully  fitted  and  joined  with  acid  cement,  sur- 
rounded by  a  packing  of  extremely  fine  quartz  sand,  all  of  which  ia  encased 
iniead.  Openii^  to  this  box  with  volvic  lava  plugs  are  provided  at  the 
points  C,  li^g.  143  so  that,  with  considerable  ease,  the  covering  plates  may 
be  removed,  the  plugs  withdrawn,  and  any  mud  which  collected  in  the 
apparatus  taken  out.  Supported  on  blocks  set  in  the  bottom  of  the 
ba^n,  are  partitions  extending  from  the  top  nearly  to  the  surface  of  the 
acid.  They  are  so  arrat^ed  that  the  gas  entering  by  the  flue  cannot  pass 
out  of  the  box  through  the  opening  in  the  cover  to   the  plateau  or 


202  INDUSTRIAL  CHEMISTRY 

preliminary   apparatus,    without  passing  under  these   partitions.     Also 
they  are  so  arranged  as  to  give  the  greatest  length  of  narrow  opening 
between  the  bottom  of  the  partitions  and  surface  of  the  acid.     From 
here  the  gases,  more  or  less  laden  with  moisture,  and  containing  some 
suspended  or  entrained  particles  of  acid  and  some  anhydride  fume,  pass 
upward  from  the  saturex  into  the  plateau.     The  action  of  the  saturex 
is  not  generally  well  understood.    As  a  matter  of  fact  the  gases  are  not 
merely  blown  in  a  thin  stream  across  the  surface  of  the  acid,  as  is  gen- 
erally supposed.     Instead,  when  the  draft  is  started,  small  waves  are  matle 
upon  the  surface  of  the  acid  which  gradually  increase  until  they  begin 
to  touch  the  bottom  surface  of  the  curtain.     The  instant  this  hap]3en.s  a 
rather  violent  agitation  takes  place  accompanied  by  strong  bubbling  and 
splashing  of  the  acid  so  that  the  mixture  Ix^tween  the  acid  and  the  gast^s 
is  much  more  thorough  than  is  generally  thought.     An  enormous  surface 
is  in  this  way  exposed  to  evaporation  by  contact  with  gases  of  very  high 
temperature.    The  entrance  temperature  of  the  gases  approximates  900**  C, 
but  the  evaporation  cools  the  gases  so  rapidly  that  there  is  wcry  little 
decomposition  of  the  acid  in  the  saturex.     In  making  98  per  cent  that 
boils  at  320®  C.  concentrated  acid   leaves   the  saturex   at  about   240®. 
Whatever  is  decomposed  is   carried   up  into  the  plateau   and  largely 
recovered,  being  brought  back  with  the  weaker  acid.     The  process  of 
concentration  is  really  one  of  drying,   almost  like   a  partial   vacuum 
concentration,' because  the  fresh  gases  are  continually  blown  across  the 
surface  of  the  acid  and  carry  away  the  water  with  the  gases  rather  than 
compelling  evaporation  into  a  saturated  atmosphere.     The  temperatures 
throughout  the  apparatus  are  much  lower  than  ordinarily  correspond  to 
the  concentration  made.     The  ease  with  which  97  or  98  per  cent  acid  ma3' 
be  made  and  the  small  amount  of  fuel  required  for  that  purpose,  are 
marked  advantages  of  this  type  of  concentrating  apparatus. 

The  gases  passing  up  into  the  plateau  carrying  much  entrained  acid, 
some  SO3,  with  oxygen  and  traces  of  SO2  from  the  decomposition  of  the 
sulphuric  acid  below,  find  their  way  upward  only  through  certain  holes 
in  the  plateau  or  shelves,  each  of  these  holes  being  covered  by  a  calotte 
or  hood  having  a  serrated  lower  edge.  The  serrated  covers  break  up  the 
gases  passing  upward  and  compel  them  to  bubble  up  through  the  layer  of 
acid  lying  upon  the  plateau.  Evaporation  is  carried  out  on  five  successive 
levels  and  dilute  acid  being  fed  in  at  the  top  of  the  plateau  is  rapidly 
concentrated  at  the  same  time  recovering  from  the  uprising  gases  prac- 
tically all  of  the  sulphuric  acid  which  they  contain  and  absorbing  some  of 
the  SO3.  The  contact  between  the  gases  and  the  liquid  is  so  thorough 
that  when  the  gases  pass  out,  their  temperature  has  fallen  to  about  95°  C. 
From  the  top  of  the  plateau  column  the  gases  are  drawn  through  the  flue 
into  the  coke  box  or  filter  box  6,  Fig.  142.  There  they  are  passed  do\ni- 
ward  through  a  coke  bed  which  rests  upon  a  grilled  false  bottom  composed 
of  iron  pipes  covered  with  lead.     Herein  are  caught  practically  all  of 


SULPHURIC  ACID  203 

the  suspended  particles  of  H2SO4  which  have  succeeded  in  passing  the 
plateau,  and  a  slight  amount  of  SO3  in  its  suspended  condition  which 
is  literally  filtered  out  of  the  gases. 

Storage  and  Packing  of  Sulphuric  Acid.     Unless  the  entire  product 
is  to   be  used  at  the  plant  where  it  is  made,  it  is  necessary  to  store 
the  acid  prior  to  shipment.     It  is  best  to  store  66°,  98  per  cent  acid,  and 
oleum  in  riveted  steel  tanks  generally  of  large  capacity,  emptied  either 
through  a  foot-valve  in  the  bottom  surrounded  by  a  low  upstand  to  pre- 
vent the  drawing  of  mud,  or  at  various  levels  through   the  side,  where 
sp>ecially  constructed  valves  having  stoneware  plugs  and  seats  are  used 
to  avoid  the  gradual  leakage  that  occurs  when  iron  valves  are  used.     As 
these  storage  vessels  are  much  too  large  to  permit  the  application  of  air 
pressure  for  the  elevating  of  the  acid,  it  is  customary  to  locate  them  on 
structural  steel  or  concrete  supports  high  enough  to  run  the  acid  by 
gravity  into  cars.     It  is  customary  to  make  these  tanks  flat  bottomed, 
circular  and  hemispherically  domed.     Sometimes  lower  domes  are  used 
to  advantage.    Horizontal  tanks  shaped  like  boilers  are  used  where  it  is 
necessary  to  apply  pressure  and  the  storage  vessels  cannot  be  elevated 
to  deliver  by  gravity.     For  storing  acid  of  60°  B6.  or  less,  certainly  for 
50 ^^  Be.,  lead-lined  storage  vessels  are  preferable.     These   are  generally 
wooden  tanks   strongly  stayed  and   lined,  with  10-lb.  lead    throughout. 
In  some  instances  very  satisfactory  storage  vessels  have  been  made  by 
building  reinforced  concrete  tanks,  painting  the  interior  of  these  tanks 
with  pitch  and  lining  the  tank  with  lead.     The  foot-valve  arrangement 
with  porcelain  plug  and  seat  can  be  used  in  either  case.    The  seat  of  the 
valve   is  set   by  locating  it   in  place,  supported   from  below  by  a  few 
strips  of  wood  or  similar  material,  and  then  pouring  in  melted  sulphur 
all  around  it.    To  make  a  satisfactory  joint  great  care  should  be  used 
to  have  the    metallic    surface   as  well   as  the   outside  surface  of  the 
seat  clean  and  dry  and  the  sulphiu*  should  not  be  too  cool.     Also  the 
porcelain  valve  seat  should  be  carefully  warmed  up  so  that  contact  with 
the  hot  sulphur  does  not  crack  it.     These  plug  valves  are  operated  either 
by  screw  stem  or  by  lever.     Throughout  the  works  where  frequent  open- 
ing and  closing  is  necessary,  and  acid  distributed  through  more  or  less 
complex  lines,  asbestos-seated  iron  plugs  or  cocks  are  used  with  great 
satisfaction,  but  should  be  systematically  operated  every  day.     Valves 
which  are  not  often  touched  for  years  and  yet  which  should  be  ready  for 
emergency  service,  are  much  better  installed  with  a  stoneware  plug  and 
seat  in  a  loose-fitting  cast  iron  socket  riveted  on  the  tank  bottom. 

A  blow-off  pipe  2  ins.  in  diameter  should  be  allowed  near  the  center 
of  the  tank  extending  fairly  well  down  away  from  the  manhole  plate  so 
that  the  blast  of  air  which  follows  blowing  the  egg  into  the  tank  may  find 
free  access  to  the  outside  atmosphere.  Through  this  pipe  a  rod  or  chain 
may  be  dropped,  or  better  connected  to  the  float  inside  the  tank  and 
carried  over  a  couple  of  pulleys  to  an  indicating  weight  on  the  outside 
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of  the  tank,  so  that  it  is  practically  never  necessary  to  open  the  tanks  in 
order  to  ascertain  the  amount  of  acid  therein  and  the  only  occasion  for 
loosening  the  manhole  is  the  cleaning  out  of  the  tank,  perhaps  once  in  a 
year  or  two.  In  this  manner  the  corrosion  of  the  interior  is  very  much 
reduced  and  the  life  of  the  tank  greatly  increased. 

Sulphuric  acid  is  shipped  in  tank  cars,  tank  wagons,  drums  and  car- 
boys. A  tank  car  is  a  flat  car  upon  which  a  steel  tank  of  cylindrical 
shape  is  secured  on  its  side  by  necessary  tie  rods  and  end  blocks.  The 
cai5acities  of  tanks  thus  used  vary  from  60,000  lbs.  to  160,000  lbs.,  the 
thickness  of  sheet  steel  used  being  about  {  in.  On  the  bottom  is  generally 
provided  a  small  sump  or  well  into  which  the  "  blow-off  "  pipe  dips  to 
empty  the  tank  as  completely  as  possible.  Sometimes  a  foot-valve  or 
cock  is  provided  on  the  bottom  of  the  tank  for  emptying,  but  the  better 
practice  is  to  blow  the  acid  out  of  the  tank  with  compressed  air  and  to 
have  only  a  well-bolted  flanged  nipple  on  the  bottom  for  cleaning.  The 
tanks  are  preferably  provided  with  a  dome  having  a  manhole  plate. 
Passing  to  the  bottom  at  one  side  of  the  manhole  is  the  blow-off  pipe 
provided  with  a  cock  or  valve  to  be  shut  off  during  transit,  or  better  with 
a  blanked  flange  union.  Either  near  to  the  blow-off  pipe  or  on  the  opi>osite 
side  of  the  manhole  plate  is  the  air  pipe  extending  just  inside  the  dome 
provided  with  a  cock  and  a  cap  to  protect  the  threads. 

Drums  are  generally  made  of  light  sheet  steel  similar  to  glycerine 
drums.  Various  sizes  hold  between  500  and  1500  lbs.  of  acid.  The  drums 
are  generally  provided  on  one  side  with  a  tapped  malleable  iron  boss, 
2-in.  hole,  with  a  screw  plug  served  with  a  lead  or  asbestos  gasket.  The 
carboys  in  which  small  quantities  of  sulphuric  acid  are  shipped,  hold  about 
180  lbs.  of  66°  acid,  consist  of  glass  bottles  (10  gals,  or  12  gals.)  protected 
from  breakage  by  a  casing  of  some  sort.  In  this  country  they  are  gen- 
erally enclosed  in  wooden  boxes  and  packed  in  hay,  the  packing  being 
thoroughly  rammed  down  imder  and  around  the  carboy  before  the  cover 
is  padded  on  and  nailed  down.  Sometimes,  particularly  for  nitric  acid, 
a  patented  packing  is  used  made  of  old  rubber  hose  nailed  to  the  inside 
of  the  box.  Vitrified  stoneware  cones  generally  serve  for  stoppers,  being 
made  tight  with  "  putty  "  or  plaster  of  Paris,  and  tied  down  with  cheap 
jute  bagging. 

The  Contact  Process.  The  name  is  derived  from  the  fact  that  by 
mere  "  contact "  with  a  so-called  catalytic  material,  the  SO2  of  burner 
gases  and  the  oxygen  of  the  residual  air  are  caused  to  unite  to  form  SO3, 
which  is  then  either  separated  out  by  cooling  (not  usual)  or  absorbed  in 
sulphuric  acid  of  high  strength,  either  maintaining  the  strength  of  this 
acid  against  the  dilution  by  weaker  acid  (or  water),  or  else  increasing 
the  strength  of  the  absorbing  acid  above  100  per  cent  by  the  absorption 
of  SO3  in  H2SO4.  When  the  acid  arrives  by  absorbing  SO3  at  a  strength 
at  about  106  per  cent,  equivalent  to  26.8  per  cent  per  SO3  dissolved 
in  H2SO4,  absorption  becomes  slow. 


SULPHURIC  ACID  205 

The  word  catalytic  is  something  of  a  cloak  for  ignorance.     Between 
the  temperatures  of  300°  C.  and  900®  C.  the  mere  presence  of  platinum 
in  a  finely  divided  state,  or  platinum  black  serves  to  very  greatly  accel- 
erate   the  reaction  S02+0±:^03.    At  first   sight  the   platin\im   black 
api>ears  to  take  no  part  in  the  reaction.     It  merely  glows  and  gives  off 
heat.     The  action  starts  about  325°,   and  is  most  complete  between 
400  and  450°.    Similar  but  less  effective  results  are  obtained  at  higher 
temperatures  with  ferric  oxide,  particularly  ferric  oxide  containing  a 
little  copper  oxide;   also  chromium  oxide  and  even  hot  silica  and  quartz 
assist  the  rate  of  progress  toward  equilibrium.     It  may  seem  that  none 
of  these  materials  takes  part  in  the  reaction,  but  probably  each  of  them 
does  in  one  way  or  another.     Particularly  is  this  the  case  with  oxides 
of  iron,  copper,  chromiimi  and  with  the  sulphates  of  alkalies  and  alkali 
earth  metals.     In  the  light  of  more  recent  knowledge,  the  original  meaning 
of  "  catalj-tic  "  must  therefore  be  abandoned  or  modified  to  the  extent 
that  a  catalytic  reaction  may  be  defined  as  a  reaction  which  leaves  one 
of  the  assisting  compounds  substantially  unaltered  after  the  completion 
of  the  reaction.    According  to  the  law  of  mass  action  such  a  catalyte  or 
intermediate  reacting  compound  is  not  to  be  expected  to  affect  the  ultimate 
equilibrium  of  the  reaction,  that  is,  the  final  extent  to  which  the  reaction 
proceeds  in  an  infinite  length  of  time.     The  function  of  the  catalyte  is 
merely  to  affect  the  rate  at  which  the  reaction  proceeds,  and  thas  to  give 
it  sufficient  rapidity  to  be  of  practical  interest.     Sulphur  dioxide  and  oxygen 
unite  to  some  extent  (at  a  very  slow  rate  at  350°  to  375°  C.)  whether  or 
not  a  catalyte  be  present.    The  presence  of  a  suitable  catalyte  (possibly 
acting  as  a  carrier  of  oxygen,  similar  in  effect  to  the  lower  oxides  in  the 
chamber  process)  greatly  increases  the  rate  of  reaction  so  that  the  sulphur 
dioxide  and  oxygen  at  375°  to  450°  combine  rapidly  and  produce  sulphur 
trioxide  with  nearly  theoretical  completeness. 

We  are  apt  to  think  of  the  contact  process  as  the  development  of  the 
last  twenty  years,  overlooking  the  enormous  amount  of  effort  that  for 
nearly  a  century  was  spent  in  the  right  direction,  but  just  missing  some 
little  step  which  was  important.  Until  about  1870,  however,  there  was 
no  great  commercial  demand  for  very  strong  sulphuric  acid.  Then  the 
demand  came  with  the  invention  of  alizarin,  followed  by  the  rapidly 
increasing  demand  for  the  artificial  product.  In  1875  Clemens  Winkler 
published  some  of  the  results  of  his  efforts,  discussing  first  the  inadequacy 
of  the  old  methods  of  producing  fuming  acid  (distillation  of  sulphates) 
and  then  his  own  attempt  to  synthesize  SO3,  recommending  platinized 
asbestos  for  the  purpose,  but  making  an  error  which  possibly 'delayed  the 
development  of  the  contact  process  more  than  twenty  years.  Contrary 
to  Guldberg  and  Waage's  law  of  mass  action,  even  then  well  known,  he 
stated  that  stoichiometric  proportions  of  gases  should  be  used.  As  a 
matter  of  fact,  we  know  to-day  that  it  is  the  excess  of  oxygen  present  with 
these  gases,  which  gives  us  as  complete  a  conversion  as  is  now  commor- 
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daily  obtained.  We  know  also  that  the  presence  of  the  nitrogen  has  little 
effect,  merely  serving  to  dilute  the  gases  slightly,  placing  them  under  a 
less  partial  pressure  and  only  in  that  way  slightly  affecting  the  com- 
pleteness of  the  reaction.  For  twenty-five  years  his  error  was  repeated 
in  one  text-book  after  another.  Winkler  himself,  however,  pursued  his 
work  technically  at  Freiberg,  much  more  rationally  than  any  of  his 
publications  indicated.  In  1878  he  used  sulphur  dioxide  and  air  an 
in  1881  already  had  large  plants  in  operation  and  continued  to  perfect 
the  process  till  1890  or  later.  In  1881  Knietsch  took  up  the  work  at 
Ludwigshafen  on  the  Rhein,  and  in  1896  patented  the  cooling  of  the 
contact  chamber  to  remove  the  excessive  heat  of  reaction  which  causes 
a  reverse  reaction,  decomposes  SO3  and  prevents  complete  conversion. 
Equilibrium  was  reached  almost  as  quickly,  with  more  complete  con- 
version into  sulphur  trioxide,  and  the  heat  was  used  to  preheat  the  in- 
coming gases.  Also  quite  independently  of  Winkler  at  Freiberg,  Knietsch 
showed  the  influence  of  numerous  impurities  that  occurred  in  burner  gas 
from  the  continued  activity  of  the  platinum  contact  mass  and  devised  a 
very  complete  method  of  purifying  burner  gases  which  was  patented  bj'^ 
him  in  1898.  Somewhat  similar  work  was  carried  out  more  or  less  inde- 
pendently by  Herreschoff  and  Ferguson  in  this  country  a  year  or  so  later. 
About  the  same  time  Clemm  and  Hasenbach  developed  the  iron  contact 
as  a  first  stage  of  conversion  combined  with  the  platinum  contact  as  a 
second  stage. 

These  investigators  showed  that  arsenic  trioxide  and  arsene  poisoned 
the  platinmn  contact  mass,  largely  reducing  its  powers  of  conversion 
imtil  after  the  arsenic  has  been  removed.  The  iron  contact  mass  is  not 
injured  by  the  presence  of  some  copper  or  even  a  considerable  amount 
of  arsenic,  but  on  the  contrary  its  activity  is  increased.  On  the  plati- 
nimi  mass  the  volatile  compounds  of  selenium,  antimony,  lead  and 
some  other  metaloids,  have  a  poisonous  effect  though  less  marked.* 
Chlorine,  hydrochloric  or  hydrofluoric  acid  temporarily  reduce  its  activity; 
silicon  tetrachloride  deposits  silica  which,  like  dust  or  any  other  sus- 
pended matter,  covers  the  contact  mass  from  ready  access  to  the  gases. 
Two  great  difficulties,  therefore,  stood  in  the  way  of  carrying  out 
the  reaction  completely,  i.e.,  to  the  extent  of  95  to  98  per  cent  of  the 
theoretical,  and  its  commercial  application.  These  were;  first,  the  heat 
generated  by  the  combination  of  the  gases,  tending  to  elevate  the  tem- 
perature of  the  gases  to  such  an  extent  that  instead  of  continuing  their 
union,  they  reached  equilibrium  between  dissociation  and  union  owing  to 
elevation  of  temperature;  second,  the  poisoning  or  inhibiting  action  of 
impurities  upon  the  platinum  mass,  these  impurities  being  brought  over 
in  the  gases  from  the  burners. 

Construction  of  Contact  Plant.     In  order  to  illustrate  the  various 

^  For  the  best  detailed  discussion  of  the  Contact  Process,  see  Lunge,  "Sulphuric 
Acid  and  Alkali,"  third  edition,  Vol.  I,  part  2,  p.  975. 
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principles  used  in  the  construction  of  contact  plants,  it  would  be  necessary 
to  describe  a  number  of  different  plants  more  or  less  in  detail  provided 
actual  installations  were  used  to  illustrate  the  principles.  Instead  of  that 
a  typical  arrangement  of  the  installation  is  given  in  Fig.  144,  in  the  fonn 
of  a  schematic  diagram  which  will  be  described  in  detail  and  which  illus- 
trates the  principles  used  in  the  majority  of  the  contact  plants  in  this 
country  and  it  will  then  lie  indicated  what  portion  of  this  installation  can 
be  left  out  to  operate  under  various  separate  principles  that  are  in  use. 

Air  enters  at  the  opening  A  into  a  drying  tower  B  filled  with  quartz 
or  other  loose  material  down  through  which  strong  sulphuric  acid  is 
Bowing,  The  air  passes  up  through  this  tower  and  on  its  way  is  almost 
completely  dehydrated.     It  then  passes  down  by  the  pipe  Bj   to  the 


Fig.  144.— Diagrammatic  Contact  Plant.    X 

pyrites  burners  C  into  the  cinder  pit  under  which  it  is  admitted  by  the 
pipes  B2,  B3,  Bi,  etc.  The  doors  of  these  burners  C  are  of  two  kinds, 
upper  and  lower,  the  upper  being  for  the  insertion  of  the  pyrites  and 
the  lower  for  the  removal  of  the  cinder.  Both  of  these  should  be  made 
as  tight  as  possible  by  the  use  of  asbestos  gaskets  and  screw  spiders  or 
similar  devices.  Through  the  flue  above  these  burners  the  gases  pass 
into  a  contact  shaft  D  where  they  pass  over  the  cinder  produced  by  the 
burners.  This  cinder  is  removed  through  the  doors  C2  from  the  burners, 
is  screened  in  order  to  remove  dust  and  a  portion  of  it  is  then  put  in 
through  the  funnel  into  the  contact  shaft  D.  Aliout  10  per  cent  of 
the  cincler  is  used  to  advantage  in  this  way.  The  necessity  for  renewing 
the  cinder  arises  through  the  accumulation  of  iXur^i  in  the  interstices 
and  the  fact  that  the  cinder  gradually  becomes  so  saturated  with  arsenic 
and  other  impurities  that  it  does  not  react  promptly.  The  chief  con- 
sideration, however,  is  the  reduction  of  draft  by  stopping  up  of  the  inter- 
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slices  with  dust.    A  portion  of  the  cinder  may  then  be  shaken  down 
into  the  cinder  pit  of  the  contact  shaft  and  removed  by  the  door  Z>i. 
By  the  heat  of  the  gases  direct  from  the  burners  this  contact  shaft  will 
be  maintained  at  a  temperature  between  600°  and  800°  C.  and  in  order  not 
to  have  the  temperature  fall  too  low,  the  shaft  is  jacketed  as  well  as  ix>s- 
sible  by  somewhat  heavy  walls  of  brickwork  and  other  devices.     As  the 
whole  burner  system  and  contact  sh^ft  operates  imder  suction,  it  is  pref- 
erable to  enclose  the  entire  setting  in  a  steel  plate  cover  closely  riveteil 
and  caulked.     In  this  contact  shaft  the  gases  are  partly  converted,  about 
40  to  50  per  cent  of  the  SO2  present  when  they  leave  the  burner  chambers 
being  changed  over  into  SO3,  and  sufficient  heat  being  generated  by  this 
reaction  to  maintain  the  temperature  of  the  gases.     Leaving  the  con- 
tact shaft  by  the  pipe  D3,  the  gases  are  somewhat  cooled  and  are  introduced 
into  the  cooling  tower  E.    This  tower  consists  of  a  riveted  steel  plate 
shell  over  the  outside  of  which  water  is  poured,  the  water  being  collected 
in  a  trough  at  the  bottom  and  carried  away.     Some  acid  condenses  in  the 
pipe  Ds  and  runs  into  the  tower  E,    Also  considerable  acid  collects  in 
the  tower  E  and  is  removed  by  the  pipes  shown  at  the  bottom.     One 
such  tower,  unless  of  considerable  size,  would  be  insufficient  to  cool  the 
gases  so  that  they  pass  through  the  pipe  Ei  into  a  second  tower  E2  (or 
third)  of  similar  character,  whence  thoroughly  cooled  they  pass  by  the 
pipe  £3  into  the  absorbing  tower  F.    This  tower  consists  of  either  riveted 
steel  plates  or  semi-steel  castings,  or  cast  iron  poured  into  a  mold  contain- 
ing a  wrought-iron  outer  shell.     The  reason  for  this  precaution  is  that 
cast  iron  is  affected  by  SO3  in  a  peculiar  way,  the  SO3  seeming  to  enter 
into  the  pores  of  the  cast  iron  and  cause  a  gradual  expansion,  placing 
the  metal  imder  such  strain  that  it  cracks  or  even  bursts  apart  as  men- 
tioned on  page  145.    The  tower  F  is  filled  with  quartz  or  similar  surface- 
exposing  material  and  is  fed  from  above  with  a  slow  stream  of  acid  for  the 
purpose  of  absorbing  the  SO3  in  the  gas.     From  the  tower  F  the  gases 
pass  on  to  the  pipe  Fi  into  the  tower  F2  which  is  of  similar  construction 
and  likewise  provided  with  a  flow  of  acid,  the  strength  and  character 
of  which  will  be  mentioned  later.    Thence  through  the  pipe  F3  the  gases 
pass  to  the  blower  or  actuating  means  for  the  system,  the  part  of  the 
apparatus  hitherto  described  being  operated  under  suction.     From  the 
blower  the  gases  pass  by  the  pipe  H  to  s,  series  of  valved  branches  Hi, 
H2,  Hzy  etc.,  leading  into  filters  7,  /i,  I2,  etc.     These  filters  are  mere 
boxes  of  iron  or  lead  containing  a  deep  layer  of  fine  coke,  or  fine  slag  from 
the  basic  open  hearth  process.     In  either  case  the  action  is  largely  one 
of  gaseous  filtration,  in  order  to  remove  the  last  suspended  impurities 
that  have  not  been  taken  out  by  the  washing  or  the  centrifugal  action  of 
the  fan.     This  purification  is  so  thorough  that  the  gases  no  longer  betray 
the  presence  of  the  dust  in  a  strong  beam  of  light  nor  do  they  yield  up  any 
impurity  to  filtration  by  a  close  plug  of  cotton  wool.     If  there  be  sus- 
pended sulphuric  acid  left  in  the  gases  they  will   blacken   the   plug   of 
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cotton   wool,  or  if  any  traces  of  dust  remain  these  will  be  deposited 
upon  the  cotton  and  show  their  discoloration.     The  number  of  filters 
are  thus  placed  in  parallel  in  order  to  permit  the  cutting  out  of  one  filter 
by  closing  the  entrance  and  exit  valve  and  the  renewing  of  the  filtering 
body  without  interruption  of  the  process.     From  these  filters,  the  gases, 
thoroughly  purified,  pass  away  through  the  valved  connecting  pipes  /s,  I^, 
/s,  etc.,  to  the  assembling  gas  main  J.    From  here  two  courses  are  open 
to  them,  but  the  normal  course  used  as  a  rule  throughout  the  operation 
of  the  plant  will  be  first  described  and  the  emergency  course  Ji  described 
later.     Normally   the   gases   pass   through   J2   downward   through   the 
valve  Kz  into  the  heat  exhanger  M,    This  heat  exchanger  is  constructed 
very  much  like  a  tubular  boiler  having  the  tubes  Mi  connected  between 
headers  Af  2  and  M3  and  the  incoming  gases  pass  downward  through  these 
tubes  and  out  of  the  heat  exchanger  by  the  pipe  M4  up  to  the  distributing 
midn  K.    During  the  passage  through  the  heat  exchanger  M  they  have 
been  partially  heated  up  by  the  hot  gases  passing  away  from  the  platinum 
converter  R.    They  are  again  heated  up  by  being  passed  down  through 
the  heat  exchanger  N   of  similar   construction,   having    the   pipes   N\ 
between  the  headers^iV2  and  Nz  outside  of  which  pipes  are  passing  the 
hot  gases  from  the  fiirst  converter  Q.     The  now  thoroughly  heated  gases 
leave  the  heat  exchanger  N  through  the  pipe  iV4  and  pass  upward  into 
the  pipe  0  and  downward  through  O2  into  the  converter  Q.     This  converter 
consists  of  a  cylindrical  cast-iron  box   containing  a  number   of  layers 
of   platinized  asbestos  supported    on    punched  sheets  of    steel.     The 
gases  passing  down  through  this  platinized  asbestos  are  further  converted 
and  heated  by  this  action.     They  then  pass  away  through  the  pipe  Q2,  and 
around  the  pipes  Ni  and    are   cooled   by   the   incoming  gases   passing 
through  the  inside  of  these  pipes.    From  this  heat  exchanger  they  pass 
through  the  pipe  Qz  into  the  second  platinum  converter  R  having  similar 
layers  of  contact  material  fii  supported  on  steel  trays.     This  converter 
may  be  somewhat  larger  in  order  to  insure  the  complete  conversion  of  the 
now  nearly  exhausted  gases.     From  here  they  pass  through  the  pipe 
R2  into  the  heat  exchanger  iif ,  where  they  pass  around  the  outside  of  the 
pipes  and  give  up  some  of  their  heat  to  the  incoming  gases,  passing 
down  through  the  pipes.     Leaving  this  heat  exchanger  through  the  pipe 
P3  they  pass  the  final  cooler  S  which  is  again  constructed  somewhat  like 
a  boiler  having  headed  pipes  Si  between  the  headers  S2  and  S3,  only 
in  this  case  instead  of  being  cooled  on  the  outside  by  gas  these  pipes  are 
cooled  by  water  fed  through  the  pipe  AS4  and  overflowing  to  the  pipe  /S5. 
The  now  thoroughly  cold  gases  pass  through  the  pipe  S^  into  the  absorb- 
ing tower  r.    This  tower  is  filled  with  porous  or  other  acid-proof  mate- 
rial and  is  sprayed  with  acid  from  the  distributor  T2  after  which  the  gases 
are  permitted  to  exit  through  the  pipe  Tz  to  the  atmosphere. 

The  passage  of  the  various  liquids  used  for  treatment  of  this  gas 
should  now  be  traced.    The  acid  for  absorbing  sulphur  trioxide  from  the 
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iron  conversion  enters  through  the  pipe  a  to  the  tank  h  at  the  foot  of  the 
tower  7^2,  and  adds  itself  to  the  liquid  flowing  down  from  the  tower. 
Thence  it  flows  to  the  pipe  61  into  the  egg  c,  and  is  thrown  up  by  the  pipe 
ci  into  the  tank  d  at  the  head  of  the  tower.     The  acid  added  by  the  pipe 
a  should  be  of  such  strength  and   quantity  as  to  maintain  the  flomr  of 
acid  down  the  tower  F2  somewhere  between  93  and  99  per  cent,  pref- 
erably about  97  per  cent,  because  the  absorption  of  SO3  is  much  more  rapid 
and  complete  in   sulphuric  acid   between  97   per  cent  and  98  per   cent 
than  in  acid  which  is  either  much  weaker  or  stronger.     From  the  tank 
d  most  of  acid  is  permitted  to  flow  down  the  tower  F2  but  as  the  acid 
increases  in  quantity  through  the  absorption  of  sulphur  trioxide  on  the 
one  hand  and  the  addition  of  weaker  acid  from  the  pipe  a  on  the  other 
hand,  the  overflow  goes  to  the  supply  tank  e  of  the  tower  F,  whence  the 
acid  trickles  down  in  a  slow  stream  through  the  tower  F  and  may  be  raised 
to  a  strength  equivalent  to  105  or  106  per  cent  H2SO4,  and  be  taken  to 
the  finished  acid  tank  q.    Calling  the  acid  105  f>er  cent  means  that  the 
sulphuric  acid  contains  sufficient  sulphur  trioxide  dissolved  in  it  that, 
when  the  necessary  water  is  added  to  unite  with  this  sulphur  trioxide 
and  produce  sulphuric  acid,  the  total  quantity  of  acid  of  100  per  cent 
produced  will  be  5  per  cent  greater  than  the  amount  of  H2SO4  and  SO3 
taken.     The  strength  may  likewise,  of  course,  be  expressed  by  giving 
the  percentage  of  free  SO3  dissolved  in  the  H2SO4.     The  acid  collected 
by  condensation  in  the  cooling  towers  E  and  E2  will  be  impure  owing 
to  the  amount  of  dust  carried  over  from  the  iron  contact  shaft   and 
may  profitably  be  used  in  the  preliminary  drying  tower  B  flowing  down 
the  pipes  gz  and  Qa  into  the  egg  A  whence  it  is  blown  up  by  the  pipe 
hi  into  the  tank  i  at  the  head  of  the  drying  tower.     The  excass  of  the 
drying  acid  thus  accumulated  may  be  flowed  over  to  the   pipe  A2  and 
utilized  for  any  convenient  purpose  in  the  works.     A  deficiency  of  acid 
from  these  cooling  towers  is  made  up  from  the  finished  tank  g  by  adding 
acid  through  the  pipe  gu 

The  absorption  of  the  sulphur  trioxide  produced  by  the  platinum  con- 
tacts Q  and  R  may  be  completely  carried  out  in  a  single  tower  T  pro- 
vided the  strength  of  the  acid  in  this  tower  be  maintained  at  the  most 
advantageous  point  between  97  and  98  per  cent.  A  steady  flow  of  weaker 
acid  is  taken  in  through  the  pipe  j  to  the  tank  k  where  it  is  cooled  and 
thoroughly  mixed  with  a  stream  flowing  out  through  the  pip)e  h 
from  the  tower.  From  a  special  compartment  of  this  tank  or  an  inde- 
pendent tank  located  beside  it,  A"2,  the  acid  is  thrown  up  by  a  centrifugal 
pump  or  other  convenient  means  by  the  pipe  k^  into  the  supply  tank 
I  at  the  head  of  the  tower,  whence  it  flows  through  the  pipe  fc  to  the 
distributor  within  the  tower.  A  heavy  stream  of  acid  is  carried  in  order 
that  the  sulphur  trioxide  absorbed  may  not  too  greatly  increase  the 
percentage  of  the  acid  on  its  way  down  the  tower.  Whatever  excess  of 
acid  is  formed  in  this  system,  as  in  the  other,  overflows  to  the  tank  ^3  and 
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is  regarded  as  finished  acid.     Owing  to  the  careful  preliminary  purifica- 
tion of  the  gas  this  acid  is  a  very  much  purer  than  that  produced  by 
the  iron  contact.     In  some  plants,  therefore,  the  iron  contact  is  not 
used  and  the  gases  pass  directly  from  the  burners  into  a  large  cooling 
chamber  that  takes  the  place  of  the  towers  E  and  £2,  after  which  it  is 
washed  with  sulphuric  acid  as  in  the  towers  F  and  /^2,  which  without  the 
iron  contact  does  not  increase  the  volume  of  the  supply  liquid  materially 
because  there  is  no  sulphur  trioxide  to  speak  of.     By  using  stronger  sul- 
phuric acid  in  the  tower  F2  the  gases  are  thoroughly  dried  and  are  pre- 
pared to  go  to  the  filters.     The  complete  conversion  is  carried  out  in  two 
steps  in  the  converters  Q  and  R  and  all  of  the  sulphur  trioxide  produced 
is  then  absorbed  in  the  tower  T  by  97  to  98  per  cent  acid.     In  such  an 
inst^ation  the  parts  D,  B,  h  and  i  would  be  omitted  as  the  preliminary 
purification  of  the  gases  has  been  shown  to  be  more  effective  if  the  gases 
were  moist.     In  fact  moisture  is  injected  into  them  as  they  leave  the 
burners  and  before  they  are  cooled  in  the  large  chamber  which  accord- 
ing to  that  method  of  working  would  replace  the  cooling  towers  E  and  i?2. 
In  the  other  method  of  working  the  gases  instead  of  passing  through  a 
more  complicated  conversion  like  that  shown  would  be  heated  by  exchange 
with  the  gases  as  they  left   the  iron  contact  D,  and  would  then  be 
taken  directly  to  a  single  platinum  converter  which  might  be  located 
between  two  iron  contact  shafts  or  in  any  other  convenient  position  for 
sustaining  its  temperatiu^.     The  second   stage  of  the  absorption  of  the 
gases  sulphur  trioxide  thus  produced  might,  of  course,  be  carried  out 
in  a  second  set  of  absorbing  towers  similar  to  F  and  F2.     If  a  very  com- 
plete conversion  is  to  be  made  in  the  final  platiniun  converter  the  tem- 
perature must  be  carefully  regulated  and  provision  made  both  for  addi- 
tional heating  of  the  gases  and  reducing  the  amount  of  heating  action. 
When  it  is  necessary  to  increase  the  temperature  of  the  gases  passing 
through  the  first  converter  Q  as  for  instance  in  starting  up  of  the  plant, 
the  heater  P  is  available  and  provision  is  made  through  the  valve  Oi  and 
P2  for  passing  the  gas  through  this  heater  into  the  pipe  O2  by  shutting 
the  valve  0  whenever  this  is  desired.     The   heater  P  consists    of  an 
ordinary  coal  heater  of  special  design  provided  with  the  firing  door  P3  and 
having  inside  heating  pipes  Pi  and  a  stack  for  exit  of  the  coal  gases,  Pq. 
When,  on  the  other  hand,  it  is  desired  to  reduce  the  temperature  of  the 
gases  passing  thfough  the  first  converter  it  is  possible  by  opening  the 
valve  Ji  to  admit  cold  gases  directly  from  the  pipe  J  into  the  pipe  L  and 
thence  into  the  converter.     When  a  less  violent  cooling  action  is  desired 
the  valve  K2  may  be  opened  and  the  gas  admitted  to  the  pipe  K  before 
passing  through  the  heat  exchanger  A'^.     It  will  be  obvious  that  the  pur- 
pose of  breaking  up  the  conversion  into  a  series  of  stages  is  to  reduce  the 
amount  of  heat  liberated  at  any  particular  stage  and  avoid  the  necessity 
of  cooling  the  gases  during  conversion.     It  amounts  substantially  to 
using  a  weaker  gas  at  each  stage  in  the  conversion.     Another  method  of 
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getting  at  the  same  result  is  to  make  the  converter  Q  very  much  wider 
and  allow  the  radiation  from  the  thin  layer  of  contact  material  at  the  top 
to  preheat  the  gases  to  such  a  degree  that  the  contact  mass  itself  is  suf- 
ficiently cooled  by  radiation  to  the  upper  portion  of  the  converter  in  which 
the  gases  are  being  heatoil.     Another  method  of  securing  this  result  is 
to  construct  the  converter  like  the  heat  exchangers  N  and  M  and  to 
place  the  contact  material  within  the  tubes, 
passing  the  gases  on  their  way  to  the  contact 
around  the  outside  of  the  tul^e  so  that  the  mass 
in  the  tut>e  is  continually  kept  cool   by  the 
passage  of  the  gas  around  the  outside.    This 
was  the  method  devised  originally  by  Knietsch 
for  maintaining  within  the  contact  chamber 
a  temperature  which    at   the  hottest   portion 
of  the  chamber  should  be  between  the  com- 
posing   and     decomposing    temperatures    of 
sulphur  trioxide.     This  most  elegant  form  of 
contact  chamber  which  combines  within  itself 
the   converter   proper,   and    the    heat   trans- 
ferrer is  illustrated  in  Fig.   145.     The  gases, 
after   leaving   the   burners   and  being  mixed 
with  steam   and   cooled   in   a   large   cooling 
and  settling  chamber   designed   to   take   the 
place    of   the   towers   E   and   E2,   Fig.    145, 
were   then  washed  as  in  towers  F,  F2,   the 
wa-shing  being  repeated  in  successive  towers 
until   the    gases    no    longer   showed    any   impurity.      Special    washing 
liquid    might    be    used    for   different    characters   of   special   impurities 
depending  on  the  kind  of  ore  used  and  they  were  then  finally  dried  in 
a  tower  like  F2.     Such  gases  were  then  passed  directly  in  through  the 
opening  A,  Fig.  146,  whence  they  were  permitted  to  circulate  back  and 
forth  across  the  outside  of  the  pipes  B  extending  down  through  the  chamber 
and  finally  reaching  the  bottom  of  this  chamber  to  pass  upward  through 
these  pipes  themselves  and  to  the  contact  material  supported  in  layers 
within  these  pipes.      As    the  gases  became  heated  on  their  way  down 
to  the  end  of  the  pipes  and  as  the  reaction  at  this  entrance  was  more 
violent,  the  temperature  at  this  point  rose  to  the  detared  degree  and  the 
conversion  proceedetl  very  rapidly.     Then  as  the  gases  passed  on  through 
the  contact  material  contained  in  the  pipes  they  would  find  cooler  and 
cooler  layers  of  contact  materials   so  that  their   equilibrium   might  be 
retained  at  its  most  complete  stage,    at  approximately   400°  to   425°, 
before  being  removed  from  the  pipes.     In  this  manner  90  to  95  per  cent 
or  even  97  per  cent  of  the  SO2  may  be  converted  in  a  single  converter,  and 
if  desired,  the  temperature  of  the  gases  can  be  raised  partly  by  an  added 
exterior  transferrer,  through  which  the   converted  gases  pass  on    their 
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way  to  being  finally  cooled  and  absorbed.  The  final  cooling  may  take 
place  in  a  separate  cooler,  S,  Fig.  145,  or  the  absorption  liquid  may  be 
so  rapidly  cooled  that  the  hot  gases  can  be  cooled  and  absorbed  simulta- 
neously. If  strong  oleum  is  to  be  made,  however,  they  should  first  be 
thoroughly  cooled.  If  98  per  cent  acid  is  to  be  made  a  single  absorbing 
tower  may  be  used,  but  if  oleum  is  to  be  made  it  is  more  desirable  to 
carry  the  absorption  out  in  a  series  of  towers  the  last  of  which  is  sup- 
pUed  with  97  to  98  per  cent  acid  in  order  to  make  an  entirely  complete 
absorption. 

Broadly  speaking,  it  may  be  said  that  the  cost  of  manufacturing 
sulphuric  acid  by  the  contact  system  is  not  much,  if  any,  higher  than  that 
by  the  chamber  system.  The  op)eration  is  somewhat  more  sensitive  and 
delicate  and  involves  the  use  of  more  refined  machinery,  so  that  a  higher 
class  of  labor  has  to  be  employed.  The  conversion  when  the  contact 
system  is  op)erated  properly  is  practically  as  complete  as  that  in  the 
chambers.  Well  designed,  the  contact  system  requires  practically  no 
fuel  for  preheating  the  gases  and  the  power  required  for  driving  the  gases 
through  the  more  resistant  series  of  chambers  used  in  the  contact  system 
is  more  than  made  up  by  the  absence  of  niter  consumption.  The  cost 
of  installation  is  somewhat  higher  owing  to  the  considerable  quantity 
of  platinum  used,  hence  the  attempt  to  substitute  other  materials  as 
oxide  of  iron,  but  it  is  doubtful  whether  in  the  long  run  the  substitution 
works  any  economy.  One  advantage  of  the  contact  system,  particularly 
where  platinum  alone  is  used,  is  the  great  purity  of  acid  resulting  from 
the  necessary  thorough  purification  of  the  gases,  but  for  ordinary  manu- 
facture of  sulphuric  acid,  particularly  in  districts  more  or  less  remote 
from  foundry  and  machine  shop  facilities,  there  is  considerable  question 
whether  the  contact  system  offers  great  inducement  to  the  manufacturer. 
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Occurrence.  The  usual  commercial  strengths  of  nitnc  acid  are  38 
(56.5  per  cent),  "  40°  "  (61.4  per  cent),  and  "  48°  "  (91.4  per  cent). 
"  Pale  acid,"  "  free  from  lower  oxides  "  (that  is,  less  than  0.1  per  cent 
of  NO,  N2O3  and  N2O4)  may  be  of  any  strength,  but  is  generally  made 
from  acid  stronger  than  40°  B6.  (sp.gr.  1.381)  by  dilution  because  the 
weaker  acid  does  not  "  bleach  "  well.  "  Red  acid  "  is  generally  40°  B^. 
or  stronger  and  contains  dissolved  lower  oxides.  "  Dynamite  acid,"  is 
fitrong  acid  for  making  96  per  cent  mixed  acid  (34  per  cent  HNO3  and  62  per 
cent  H2SO4).  It  was  formerly  necessary  to  have  the  nitric  acid  93  per  cent, 
but  now  that  "  oleum  "  is  used,  it  need  only  be  88  per  cent.  ^*  Spent  acid  " 
is  the  mixed  acid  diluted  and  partly  deprived  of  HNO3  by  use  in  nitrating 
•organic  substances;  and  "  fuming  nitric,"  is  very  strong  acid  containing 
much  lower  oxides.  "  Weak  nitric,"  generally  applied  to  acid  38°  B6.  or 
less,  obtained  from  the  final  towers  or  tourilles  of  the  condensing  system, 
is  also  frequently  called  "  tower  acid,"  particularly  when  used  to  supply 
the  Glover  tower  of  a  chamber  system.  "  Aqua  fortis  "  or  **  strong  water  " 
(because  of  its  great  solvent  power)  is  the  name  given  nitric  acid  by  Geber 
(a.d.  750-800),  or  one  of  his  immediate  predecessors,  who  made  it  by 
heating  together  saltpeter,  copper  vitriol  and  alum.  The  first  mention 
of  the  present  process  of  making  it  is  by  Basil  Valentine  (a.d.  1450-1500) 
who  says,  however,  that  this  method  had  long  been  used.  Nitric  acid 
was,  therefore,  one  of  the  earliest  mineral  acids  known. 

Industrial  Importance.  Nitric  acid  occupies  a  peculiar  position, 
somewhat  like  that  of  sulphuric,  of  great  industrial  importance  as  an 
intermediate  step  in  the  production  of  other  products.  Its  salts  are  used 
to  some  extent  in  electroplating  since  practically  every  one  is  soluble, 
in  fireworks  and  colored  lights  because  of  their  high  oxidizing  power, 
and  it  is  essential  to  the  manufacture  of  many  organic  compounds  besides 
nitrocelluloses,  azo  and  diazo  dyes.  In  tonnage  and  value,  it  stands 
among  the  leading  chemical  products,  the  yearly  output  being  54,190 
tons,  valued  at  $5,232,527.  In  the  form  of  nitrates  or  substitution  products 
it  is  essential  in  some  way  to  the  production  of  practically  every  explosive, 
181,874  a  very  large  proportion  of  the  synthetic  dyestuffs,  azo,  diazo  and 
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amido,  also    pyroxyline    plastics,  while    its  salts  (chiefly    from    natural 

<iep>osits),  are  used  for  fertilizer  in  this  country  to  the  extent  of  43,373 

tons.     The  growth  in  the  manufacture  of  these  products  is  shown  in  the 

following  table: 

1900  1905 

Nitric  acid: 

Quantity,  tons 31,542  54,190 

Value $2,964,700  $5,232,527 

Fertilizers: 

Quantity,  tons 2,887,004  3,591,771 

Value $42,097,673  $56,973,634 

Explosives: 

Quantity,  tons 109,136  181,874 

Value $16,552,011  $28,204,517 

Synthetic  dyestuffs: 

Quantity,  tons 3,849  5,320 

Value $2,280,899  $2,665,134 

Pyroxyline  plastics: 

Quantity,  tons 1,037  1,483 

Value $2,259,338  $2,671,380 

Nitric  acid,  particularly  when  strong  and  pure,  approaches  the  value 
of  a  fine  chemical,  costing  from  4  to  5 J  cents  per  pound  of  the  HNO3  it 
contains,  and  selling  from  5  to  7  cents.  Much  less  "  weak  acid  "  is  made 
and  sold  than  formerly  for  two  reasons.  First,  the  improvement  in  nitric 
acid  processes  has  made  it  possible  to  produce  all  the  acid  of  sufficient 
strength  for  "  bleaching  "  (i.e.,  removing  red  lower  oxides  of  nitrogen) 
if  not  already  bleached  in  making.  Second,  the  development  of  the 
sulphuric  contact  process  making  105  per  cent  H2SO4  has  made  the  entire 
output  of  the  nitric  acid  plant  (average  87-88  per  cent)  available  for  making 
mixed  acid.  When  the  sulphuric  economically  obtainable  was  only  98 
per  cent,  it  was  necessary  to  use  93  per  cent  HNO3  for  making  mixed  acid 
for  nitroglycerine,  dynamite,  guncotton,  etc.,  and  only  about  one-half  to 
three-quarters  of  the  output  of  a  nitric  plant  was  strong  enough  for 
making  "  mixed  acid."  The  balance  had  to  find  a  market  as  weaker  acid 
or  as  nitrates. 

Properties.  Strong  nitric  acid  when  free  from  lower  oxides  and  freshly 
made  is  practically  colorless,  but  the  action  of  light,  slightly  elevated 
temperatures,  or  traces  of  organic  matter,  generally  gives  it  a  slight  pale 
amber  tint  gradually  developing  into  a  clear  pale  red-brown.  It  is  more 
mobile  than  sulphuric  acid  of  like  strength  and  about  one-third  lighter 
in  weight.  Pure  acid  of  99.5  per  cent  reaches  a  specific  gravity  of  1.52 
(49.6**  B6).  Unlike  sulphuric  acid,  the  anhydride  is  not  stable  in  solu- 
tion in  the  acid  (unless  H2SO4  is  present),  so  strengths  higher  than  100 
per  cent  are  not  made,  but  N2O4  dissolved  in  the  acid  increases  its  specific 
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gravity  until  12  per  cent  of  N2O4  has  a  density  of  1.62  (about  56°  B^.), 
and  shows  a  greater  oxidizing  power  than  the  pure  acid. 

The  destructive  action  of  nitric  acid  on  organic  matter  is  rapid,  partly 
oxidizing  and  partly  nitrating  (forming  nitric  esters  or  NO2  substitutions). 
The  oxygen  containing  bodies  of  the  paraffine  series  tend  to  form  oxalic 
acid,  the  — CHOH  groups  to  form  esters,  a  characteristic  also  exhibited 
by  cellulose,  glycerine  and  under  proper  conditions,  starch.  The  sulphur- 
containing  bodies  tend  to  sulphonic  acids,  while  the  aromatic  series  is 
characterized  by  its  greater  tendency  to  form  nitro  derivatives.  Most 
ordinary  metals  are  attacked  by  nitric  acid  of  various  strengths,  gold  and 
platinum  excepted.  The  hydrogen  liberated  acts  upon  the  nitric  acid 
to  reduce  an  additional  portion  of  it,  liberating  various  oxides  of  nitrogen, 
depending  on  the  concentration  of  the  acid  and  the  temperature.  Broadly 
speaking  the  more  concentrated  the  acid  the  more  higher  oxides  will  be 
produced  and  dilute  acid  will  be  largely  reduced  to  ammonia.  Lead  and 
iron,  however,  are  somewhat  slowly  acted  upon  by  strong  acid,  iron  in 
particular  being  the  material  generally  used  for  the  distilling  parts  of 
nitric  acid  apparatus.  Its  protection  at  this  point  is  due  to  three  causes, 
chiefly  the  presence  of  sulphuric  acid,  superseding  or  inhibiting  the  action 
of  the  nitric  and  forming  insoluble  sulphates  which  protect  the  surface; 
second,  the  high  temperature  which  prevents  condensation  of  acid  on 
the  surface,  and  lastly  to  some  extent  the  peculiar  passivizing  action  which 
nitric  acid  possesses  for  iron  surfaces. 

Manufacture.  In  this  country  Carter  &  Scattergood  of  Philadelphia, 
began  the  manufacture  of  nitric  acid  in  1824  but  the  industry  was  not 
very  important  until  1862,  when  the  discovery  of  nitroglycerine,  followed 
by  other  nitro-explosives,  op)ened  a  new  field  for  it. 

Two  general  methods  of  making  nitric  acid  are  important,  first,  the 
old  reaction  of  Basil  Valentine  from  nitrate  of  soda  (natural  deposits) 
by  action  of  an  excess  of  sulphuric  acid  and  distillation  of  the  liberated 
nitric  acid,  the  reaction  approximating, 

NaN03+H2S04  =  NaHS04+HN03. 

The  presence  of  chlorides  in  the  nitrate  liberates  HCl  which  reacts, 

HC1+HN03  =  H20+N02CI, 

each  atom  of  CI  carrying  away  an  atom  of  N  which  is  lost  to  nitric  acid 
manufacture.  Too  high  a  temperature  at  the  start  increases  a  side-reac- 
tion, always  present  to  some  extent  particularly  in  the  presence  of  a  dehy- 
drating agent  like  an  excess  of  sulphuric  acid;  i.  e. 

4HNO3  =  2H2O + O2 + 2N2O4 

The  N2O4  thus  produced  is  difficult  to  condense  and  injurious  to 
the    product.     Too    high    a   temperature  at  the  end  of  the  distillation 
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tends  to  the  formation  of  sodium  pyrosulphate  and  water  according  to 
reaction 

2NaHS04 + heat  =  Na2S207 + H2O 
and  further, 

Na2S207+heat  =  Na2S04+S03. 

The  volatile  products  of  both  of  these  reactions  are  injurious  to  the  strength 
and  purity  of  the  nitric  acid  produced. 

The  second  method  is  synthetic  and  developed  from  Sir  Wm.  Crookes' 
fascinating  suggestion  in  1890,  that  the  ultimate  exhaustion  of  the 
natural  deposits  should  be  anticipated  by  perfecting  the  combustion  of 
air,  giving  a  practically  inexhaustible  source  of  nitrogen  products  for 
fertilizers.  This  modem  process  consists  in  burning  the  nitrogen  of  the 
air  with  its  oxygen  in  an  elongated  electric  arc  and  quickly  cooling  the 
resulting  gases.  It  is  only  within  the  last  five  years  that  it  has  developed 
commercially — principally  in  Norway,  Sweden  and  Switzerland  because 
of  the  cheap  water  power  available  there.  Mixed  oxides  of  nitrogen  are 
thus  produced  and  their  oxidation  completed  in  reaction  towers  after 
which  they  are  absorbed  in  milk  of  lime.  The  acid  neutralized  pro- 
duces "nitro-lime "  chiefly  used  for  fertilizer.  It  is  questionable 
whether  the  production  of  strong  nitric  by  this  process  can  be  carried 
out  economically  except  when  extremely  cheap  electric  power  (from 
water  falls)  is  available.  In  this  country  one  commercial  failure 
was  made  during  the  early  stages  of  the  development  of  this  process, 
but  another  installation  is  practically  completed  and  imder  much  more 
favorable  auspices  promises  better  results.  As  a  method  of  making" 
strong  nitric  acid  however,  it  offers  little  inducement.  Weak  nitric  acid 
increases  in  strength  on  distillation  until  69  per  cent  is  reached,  after 
which  a  hydrate  (2HNO3 -31120)  of  about  70  per  cent  HNO3  distills  over 
at  a  constant  boiling-point.  Some  methods  of  overcoming  this  difficulty 
and  making  the  synthetic  process  directly  available  for  the  production 
of  strong  acid,  have  been  proposed  but  commercial  success  has  not  yet  been 
attained. 

The  practical  processes,  then,  make  nitric  by  treatment  of  sodium 
nitrate  with  sulphuric  acid.  Four  methods  of  decomposing  have  been 
claimed  as  successful,  those  of  Prentice,  Uebel,  Valentiner  and  the  various 
forms  of  plain  still  (most  generally  used  in  this  country). 

Prentice  Process.  This  -method  consists  in  continuously  mixing  the 
nitrate  and  an  imusually  large  excess  of  sulphuric  in  a  separate  vessel  pro- 
vided with  a  condenser  to  which  the  N2O4  and  CI  liberated  are  supposed 
to  pass,  leaving  the  nitric  to  bie  distilled  off  free  from  these  impurities. 
It  was  said  to  have  worked  for  some  time  satisfactorily  at  Stowmarket, 
England,  and  to  be  capable  of  producing  its  entire  output  at  a  strength 
of  94  per  cent.  The  feature  apparently  most  criticised  was  that 
12  parts  of  oil  of  vitriol  were  required  for  10  of  nitrate  of  soda,  but  this  is 
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no  more  than  should  be  used  to  get  a  good  niter  cake  containing  30  per 
cent  free  acid,  easy  to  fuse  and  fluently  mbdng.  A  very  slight  loss  of 
nitric  at  4^  cents  per  pound,  quickly  makes  up  for  any  saving  in  sulphuric 
at  half  a  cent  per  pound.  The  acid  then  made  was  not  what  we  wouJd 
regard  as  well  bleached  but  this  could  easily  have  been  remedied. 

Uebel's  Process.  In  thb  system  Fig.  146,  half  of  the  niter  cake  (approx- 
imately NaHS04,  which  results  aft^r  expelling  the  last  nitric  acid  from  a 
charge  in  retort  ..4),  is  run  into  an  equivalent  weight  of  moderately  strong 
sulphuric   acid   in   the  pan  B  located   over  the  flue  C.     In  this  pan  the 


heat  of  the  niter  cake  serves  to  drive  out  15  or  20  per  cent  of  water  from 
the  sulphuric  acid,  and  form  practically  anhydrous  "  polysulphate " 
NaH3(SOi)2-  This  is  maintained  in  a  fused  condition  by  the  heat  of 
the  flue  C  below,  retained  by  the  cover  D,  and  is  drawn  off  by  the  valved 
pipe  E  and  the  gutter  F  into  a  hoisting  pot  G  that  can  be  elevated  by 
chain  fall  or  power  hoist  and  by  trolley  rail  carried  over  the  feed  hole  of 
the  retort  H  or  H'.  Those  are  charged  alternately,  at  intervals  of  about 
4  hours,  with  700  to  9()0  lbs.  of  nitrate  of  soda,  dried  by  spreading  out  in 
the  iron  pans  J.  Charging  is  done  through  the  feed  hole  K,  which  is 
then  closed  with  a  stone  or  stoneware  plate  L  and  covered  with  nitrate 
of  soda.  Sometimes  the  hoisting  pot  is  provided  with  a  bottom  nipple 
(6tting  a  small    hole   in   the   plate  L)  closed  inside  with  a  plug  valve. 
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Sometimes  the  fused  "  polysulphate  ''  is  poured  in.    Particularly  in  the 
latter  ease  it  must  be  added  slowly  as  the  hot  liquid  liberates  considerable 
nitric    acid  as  vapor.     To  avoid  unnecessary  heating  at  this  stage  the 
darajjer  M  is  closed,  all  the  fire  being  given  to  the   retort   H\  which   is 
then  being  boiled  off.     When  the  polysulphate  is  all  in  (about  45  minutes) 
the    damper    M    is    opened    and  the  boiling  off  of  H  is  begim,  which 
occupies  from  2  to  3  hours.      During  this  time  boiling  off  of  //'  is  com- 
pleted, the  damper  M^  is  closed  and  by  opening  the  valve   0  the  liquid 
bisulphate   in  jff'   is  run  down   to   the   lower  retort  A.     The  retort  A 
is  never  whoUj*^  emptied  (except  in  shutting  down)  so  that  the  incoming 
bisulphate  blends  with  the  already  highly  heated  charge  and  thus  gives 
up  the  last  of  its  nitric  acid.     The  now  empty  retort  //'  is  then  (usually 
after  slight  cooling)  charged  with  its  nitrate  of  soda  and  a  fresh  hoisting 
pot  of  liquid  polysulphate.    As  a  matter  of  fact,  however,  Uebers  retorts 
are  generally  operated  with  sulphuric  instead  of  polysulphates. 

Valentiner  Process.  By  this  method  the  nitrate  is  decomposed  under 
a  vacuum.  At  first  the  suction  was  commenced  as  soon  as  the  charge 
was  made  and  increased  imtil  about  one-third  of  an  atmosphere  remained, 
when  the  heat  was  applied.  It  was  found,  however,  that  the  intimate 
mixture  of  nitrate  and  acid  was  better  insured,  and  frothing  which  carried 
suspended  nitrate  upon  the  sides  of  the  retort,  was  prevented  by  throttling 
the  outlet  of  the  gases.  About  2200  lbs.  of  nitrate  is  charged  into  the  retort 
A,  Fig.  147,  through  the  hole  B  having  an  iron  lid,  which  is  then  carefully 
luted.  Sulphuric  acid  (2360  lbs.  66°  o.v.  or  preferably  96  per  cent) 
is  then  run  in  from  a  measuring  tank  or  scale  tank  C  by  a  pipe  D 
goosenecked  and  provided  with  a  cock.  When  the  acid  is  all  in,  suction 
is  applied  by  means  of  the  12X16  inch,  60  r.p.m.  vacuiun  pump  E. 
This  is  protected  from  the  acid  fumes  and  chlorine  liberated  from  any 
NaCl  in  the  niter  by  a  series  of  wash  bottles  alternately  empty  and  about 
half  filled  with  milk  of  lime.  Pipes  may  be  arranged  as  indicated  to 
insure  against  either  sucking  back  or  absence  of  liquid  in  its  proper  wash 
bottle  when  operating.  Under  the  suction  and  heat  of  reaction  rapid 
evolution  of  nitric  vapor  begins.  To  prevent  its  becoming  too  rapid  a 
throttle  plate  with  a  small  hole  is  inserted  between  the  still  and  the  gas 
pipe  G,  which  is  provided  with  a  Y-branch  for  cleaning  and  is  sur- 
mounted by  a  short  length  of  wire-covered  glass  pipe  H  for  observing 
the  color  of  the  passing  vapors.  A  reducer  pipe  to  2^  ins.  then  takes  the 
gases  to  a  sinall  tourille  I  filled  with  broken  pumice,  where  entrained 
sulphuric  or  niter  dust  are  separated.  Thence  the  gases  pass  through 
two  large  stoneware  coils  J  and  K  (2|  in.  bore  and  about  45  sq.ft. 
cooling  surface),  placed  in  wooden  tanks  supplied  with  cold  water  at  the 
bottoms  and  provided  with  overflows  near  the  tops.  Here  the  acid  is 
largely  condensed  and  most  of  it  flows  into  the  large  receiver  P.  Wire- 
covered  glass  pipes  L  and  M  are  provided  at  the  outlet  of  each  coil 
for  observing  the  color  and  rate  of  flow  of  the  acid  and  a  device  N  for 
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drawing  samples  for  testing.  A  three-way  cock  0  is  provided  to  pass 
any  weak  or  discolored  acid  into  the  smaller  jar  S,  the  flow  to  which  can 
be  observed  at  R,  Any  air  or  uncondensed  vapor  from  the  coils  passes 
through  the  pipe  Q  and  the  jars  S  and  T,  where  it  deposits  some 
acid,  and  then  upward  through  the  reflux  cooling  worm  F,  2\  in.  bore 
about  22  sq.ft.  cooling  surface,  where  nearly  all  the  condensable  vapor 
is  caught  and  returned  to  the  jar  T.  Weaker  acid  collected  in  S  and 
T  may  be  added  to  the  96  per  cent  or  98  per  cent  sulphuric  used  for 
charging  the  retort.  Bleaching  of  the  acid  is  not  required  in  this  process 
for  two  reasons :  the  solution  pressure  of  N2O4  and  CI  in  the  acid  is  greatly 
reduced  by  the  vacuum,  and  also  the  low  temperature  of  vacuum  dis- 
tillation causes  very  little  breaking  up  of  the  nitric  to  form  N2O4.  The 
slight  loss  corresponding  to  the  HCl  liberated  and  oxidized  to  nitrosyl 
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chloride  at  the  expense  of  nitric  is  inevitable.  No  loss  by  leakage  of 
joints  can  occur  under  suction  and  less  breakage  of  stoneware  results 
from  the  lower  temperatures  employed.  More  continuous  rapid  evolution 
of  vapor  makes  it  possible  to  run  off  the  charges  in  about  eight-hour  cycles. 
After  the  first  application  of  two-thirds  of  an  atmosphere  suction  it 
gradually  increases  as  evolution  of  vapor  begins  to  reduce  the  tem- 
perature in  the  retort.  Heat  is  then  gently  applied  until  the  retort  reaches 
80°  and,  as  the  rate  of  vapor  evolution  again  decreases,  is  gradually  nused 
to  130°.  When  the  acid  flow  ceases  the  pump  is  shut  off  and  the  heat 
raised  to  facilitate  running  of  the  niter  cake  through  the  bottom  spout 
W,  An  excellent  quality  of  acid  (N2O3  =  .05  per  cent)  is  produced, 
about  80  per  cent  averaging  96  per  cent  HNO3,  or  the  whole  output 
averaging  89  per  cent  if  weak  acid  is  returned  with  the  sulphuric  to  the 
retort.  The  niter  cake  produced  is  of  excellent  quality.  The  statements 
found  in  the  literature  that  "  perfectly  pure  nitric  monohydrate  (HNO3) 
produced  by  this  process,  is  now  foimd  in  commerce  "  is  however  an  exag' 
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geration,  although  the  writer  regards  the  process  as  oae  of  the  best  on 
the  market  to-day. 

Common  Process.  By  far  the  greater  proportion  of  nitric  acid,  however, 
is  made  by  the  simple  action  of  sulphuric  acid  on  the  nitrate  of  soda  at  sub- 
stantially atmospheric  pressure.  This  reaction  is  generally  carried  out  in 
ordinary  castr-iron  retorts  either  of  cylindrical  pattern  horizontally  placed, 
or  of  the  general  shape  of  deep  pots.     The  former  is  illustrated  in  Fig.  148 


in  which  A  is  the  brick  setting  properly  provided  with  buckstays  B. 
Through  this  setting  extend  cast-iron  cylinders  C  provided  at  either  end 
with  a  closing  plate  D  consisting  of  either  cut  atone  or  cast  iron.  One  of 
these  plates,  generally  the  one  above  the  firing  door,  is  provided  with  two 
holes.  The  smaller  hole  E  serves  for  the  introduction  of  the  acid  imd 
the  larger  hole  F  for  the  charging  with  nitrate  of  soda,  after  which  it  is 
closed  either  by  a  luted  cover  or  by  a  screw  plate.  The  plate  on  the  oppo- 
site end  is  provided  with  holes  G  into  which  the  exit  pipe  for  gases  is 
luted  and  H  for  tapping  off  niter  cake.  These  cylinders  vary  from  3  ft. 
in  diameter,  5  ft.  in  length,  to  5  ft.  in  diameter  and  10  ft.  in  length, 
sometunes  the  diameter  being  as  great  as  5  ft.  6  ins.  The  charges  of  nitrate 
of  soda  are  700  to  2200  lbs.  It  will  be  noted  that  a  relatively  small  grate 
area  and  a  single  fire  is  used  and  much  of  the 
success  of  the  operation  in  yield,  quality  and 
speed  depends  on  its  careful  manipulation.  Ac- 
cording to  the  older  practice  only  a  slight 
excess  of  sulphuric  acid  was  used  and  the  niter 
cake  remaning  behind  waa  consequently  so 
hard  that  it  was  necessary  to  get  into  the  still 
and  dig  it  out.  Modem  practice,  which  to  a 
very  large  extent  utilizes  the  niter  cake   for  Fio.  149. 

other    manufacture,    permits    33   to    36    per 

cent  excess  of  sulphuric  to  remain  in  the  niter  cake.  The  end  plate, 
generally  that  in  the  rear,  is  provided  with  a  hole  at  the  bottom  for 
withdrawing  the  niter  cake,  this  hole  generally  being  closed  by  an  iron  peg 
or  tap  loosely  ground  in  and  sometimes  held  in  place  by  a  screw  handle. 
One  development  of  this  older  form  of  still  is  indicated  in  Fig.  149, 
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which  shows  the  still  in  section,  the  lower  half  being  given  a  somewhat 
wider  flange,  tlie  upper  half  being  of  lai^er  diameter  and  lined  with  brick  to 
protect  this  half  of  the  still  from  the  action  of  the  nitric  gases.     In  some 
plants  the  nitric  stills  are  cast  all  in  one  piece  with  the  necessarj'  man- 
hole at  one  end  and  the  inlet  and  outlet  pipes  for  acid  and  gas  located  on 
the  axis  of  the  cylinder.     Some  prefer 
to  have  axial  trunnions  (bearings  in 
the  brickwork)  cast  on  the  ends  and 
an  opening  on  one  .side  of  the  cylinder 
to  be  turned  upward  during  chai^ng, 
thiis  permitting  the  cylinder  to  be  ro- 
tated on  its  axis  when  the  niter  cake  is 
to  be  removed,  dumping  the  same  in  a 
pocket  to  the  rear  of  the  fire-bed. 
Considering  the  fluidity  of  the  niter 
cake,  however,  there  seems  to  be  little 
object  in  thismechanical complication. 
Pot  Still.     Another  form  of  still, 
pot-shaped  in  general  outline,  is  shown 
PjQ^  150.  in  Fig.  150.     The  bottom,  middle  sec- 

tion and  cover  being  cast  in  separate 
pieces  to  permit  of  separate  renewal  according  to  the  wear  which  they  have 
suffered.  The  belt  and  top  are  generally  lined  with  brick  as  indicated  in 
Fig.  151.  The  bottom  piece  is  left  unlined  to  permit  the  free  transmission 
of  heat  and  because  the  corrosion  at  this  point,  where  there  is  always 
plenty  of  sulphuric,  is  very  much  less.     The  bottom  of  this  pot  is  pro- 
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vided  with  a  hole  F  set  hi  a  trough  G,  thus  permitting  the  bbulphate, 
when  the  charge  is  completed,  to  be  run  out  into  a  pan  or  wagon.  The 
gas  outlet  H,  3  to  6  ins.  in  diameter,  and  the  charging  hole  /,  8  to 
10  ins.  diameter  are  provided  in  the  cover.  These  sections  are  luted 
together  with  acid-proof  cement,  for  which  purpose  "  Vitrex  "  cement  may 
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Tvell  be  used;  or  cement  made  up  at  the  works  from  asbestos  powder  con- 
taining a  little  finely  powdered  barium  sulphate,  made  into  a  thick  paste 
with  5  per  cent  silicate  of  soda  solution;  or  equal  parts  iron  filings  and 
powdered  brimstone,  thoroughly  mixed  with  4  parts  of  ground  fire- 
brick with  as  little  water  as  will  serve  to  make  a  thick  putty. 

Charging.    After  completing  one  charge  and  before  putting  in  another, 
the  retorts  are  allowed  to  cool  somewhat  as  the  hottest  part  of  the  opera- 
tion is  at  the  end,  which  temperature  would  be  too  high  for  initiating  a  new 
charge.     The  nitrate  of  soda  charge  is  then  dumped  into  the  still,  gen- 
erally after  drying  if  strong  acid  is  required.     The  manhole  plate  is  luted 
or  clamped  on  and  the  sulphuric  acid  run  in  rapidly.     Evolution  of  nitric 
begins  before  all  the  sulphuric  acid  has  been  added,  but  a  light  fire  is 
started  before  the  evolution  slackens  and  the  heat  is  gradually  increased 
so  as  to  ensiu'e  a  steady  flow  of  nitric  acid.    A  single  charge  of  2200  lbs. 
is  generally  run  off  in  one  of  these  large-size  retorts  in  24  hours,  though 
by  skillful  manipulation  it  is  possible  to  secure  two  charges  in  24  hours 
or  at  most,  27  hours.     In  many  factories,  however,  it   is  found  most 
satisfactory  to  have  the  still  started  in  the  morning,  under  the  eye  of  the 
superintendent,  and  have  no  charging  done  at  night. 

Distillation.  The  first  run  of  the  acid  is  generally  weak,  or  impure 
or  both.  It  is  the  writer's  experience  that  to  some  extent  this  depends 
on  the  character  of  nitrate  used  and  the  strength  of  the  sulphuric  acid 
applied.  Nitrates  containing  chloride  will  produce  impure  acid  to  begin 
with  because  of  its  contamination  with  nitrosylchloride.  If  the  charges 
are  made  in  too  hot  a  still  or  if  the  sulphuric  acid  is  run  in  too  rapidly, 
there  will  be  considerable  lower  oxides  in  the  first  run  of  acid.  Likewise, 
if  impure  nitric,  recovered  from  the  final  towers  of  the  condensation 
system,  has  been  mixed  with  the  sulphuric  used  for  charging,  most  of  its 
impurities  will  come  over  in  the  early  stages  of  the  reaction.  The  retort 
should  not  be  too  cold  at  the  time  of  charging  or  the  partial  condensation 
of  nitric  acid  on  its  surface  will  cause  excessive  corrosion  with  contamina- 
tion of  niter  cake  and  early  destruction  of  the  still.  The  whole  retort 
should  be  as  nearly  as  possible  the  same  temperature  throughout;  there- 
fore it  is  desirable  to  have  the  retort  enclosed  as  completely  as  possible 
in  the  brickwork.  This  temperature  should  be  very  slightly  above  the 
boiUng-point  of  the  nitric  acid,  enough  above,  however,  to  materially 
warm  up  the  charge  of  niter  when  added.  The  nitrate  of  soda  is  preferably 
dried  and  sulphuric  acid  used  at  approximately  93  to  95  per  cent,  or  equiv- 
alent strength  of  H2SO4  after  diluting  with  recovered  nitric.  Too  strong 
sulphuric  is  apt  to  promote  the  formation  of  lower  oxides  by  dehydration 
of  the  nitric  acid.  Too  early  an  application  of  the  fire  or  too  rapid  intro- 
duction of  the  sulphuric,  or  too  high  a  temperature  of  the  still  are  all  apt 
to  produce  irregular  and  incomplete  mixing  of  the  charge  by  distilling 
out  too  much  nitric  in  the  initial  stage  of  the  operation.  When  all  condi- 
tions are  right,  a  gradual  and  steady  distillation  should  begin  when  about 
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one-third  of  the  sulphuric  acid  has  been  introduced  and  should  only 
reach  its  full  strength  just  after  the  last  of  the  sulphuric  has  been  added. 

Condensation.  There  are  two  general  methods  of  carr3ring  out  the 
condensation  of  nitric  acid.  In  the  older  method  the  condensed  acid 
brings  down  with  it  such  lower  oxides  and  chlorine  as  it  may  carry  and  the 
product  is  separated  into  stronger  or  weaker  fractions  according  to  the 
requirements  of  the  market  and  the  uses  to  which  it  is  to  be  put  in  the 
plant.  This  system  is  naturally  best  adapted  to  the  production  of  extremel  \' 
high  strength  acid,  because  of  the  separation  of  various  fractions.  It  is 
necessary,  however,  to  treat  the  acid  thus  produced  in  order  to  purify 
it.  This  is  done  by  heating  the  acid  and  blowing  out  the  impurities  with 
dry  air.  Some  of  the  high  strength  secured  is  lost  because  of  the  ten- 
dency of  the  strong  nitric  to  distill  out  of  the  mixture.  The  other  method 
consists  in  treating  the  distillates  from  the  still  on  the  reflux  condenser 
principle  and  making  the  heated  gases,  sometimes  mixed  with  a  little  air, 
coming  from  the  still  serve  the  purpose  of  bleaching  the  acid,  thereby 
producing  substantially  the  entire  output  of  the  still  at  a  somewhat  lower 
percentage,  but  all  of  highly  bleached  and  purified  quality  so  far  as  lower 
oxides  and  chlorine  are  concerned.  Other  systems  of  condensation 
combine,  to  a  greater  or  less  degree,  the  two  diflFerent  characteristics  above 
outlined.  Three  or  four  such  systems  will  be  described;  in  the  first  instance 
to  show  the  extreme  of  condensation  and  subsequent  purification  and  in 
the  last  to  show  the  extreme  of  complete  production  and  automatic  bleach- 
ing by  the  action  of  the  hot  gases. 

Fig.  152  illustrates  the  condensing  plant  designed  to  operate  under 
the  first  mentioned  systems,  i.e.,  collection  and  subsequent  piuification 
of  the  acid.  The  distillate  from  still  A  passes  over  into  a  first  receiver 
B  designed  to  catch  any  impurities  carried  over  by  foaming  or  excessive 
violence  of  distillation.  The  acid  in  this  receiver  is,  however,  under  normal 
conditions,  clear  and  pure  enough  for  use  along  with  the  major  portion 
of  the  production.  Provision  is  therefore  made  for  carrying  this  acid 
down  by  the  pipes  C  and  the  gutters  D  to  the  general  receiving  reservoir 
after  it  has  been  examined  and  proved  satisfactory  for  use.  The  greater 
portion  of  the  gas,  however,  passes  up  through  the  pipe  F  and  is  condensed 
in  coils  G  surrounded  by  water  in  a  wooden  tank,  whence  the  condensed 
acid  flows  along  with  the  uncondensed  remainder  of  gas  into  the  receivers 
H.  Herein  collects  the  greater  portion  of  the  condensed  acid  and  it  is 
not  unusual  to  provide  a  pair  of  receivers  in  the  position  H,  one  intended 
for  strong  and  the  other  for  weak  acid.  In  the  pipe  between  G  and  H 
is  provided  a  three-way  cock  so  that  the  acid  according  to  its  strength  may 
be  separated  into  one  or  other  of  the  receivers.  Two  reservoirs  E  are 
provided  for  receiving  the  acid  respectively  from  the  two  receivers  H, 
whether  it  be  strong  or  weak.  After  leaving  the  receiver  H  the  gases  pass 
over  into  a  second  receiver  I  wherein  the  residual  portion  of  suspended 
liquid  may  be  collected,  as  also  the  return  drips  from  the  gas  pipes  leading 
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into  the  recovery  towers  K  and  L.  This  gas  line  is  provided  with  branches 
J^  to  bring  the  gases  from  the  receiving  tank  M  into  which  strong  acid 
is  blown  from  the  receiver  E  when  it  is  desired  to  bleach  the  acid;  also 
the  branch  /"  from  the  receiver  E  to  carry  off  any  unoxidized  gases  that 
i^ti^^y  be  generated  in  that  receiver  and  the  branch  /'"  from  the  receiver 
at  the  top  of  the  tower  into  which  the  stronger  spraying  acid  is  blown. 
The  two  towers  K  and  L  are  connected  in  series,  packed  with  coke  and 
provided  with  an  outlet  N  connected  with  a  chimney  or  other  source  of 
draft.  In  these  towers  the  lower  oxides  of  nitrogen  are  absorbed  in 
resi>ectively  stronger  nitric  in  the  tower  K  and  water  in  the  tower  L  and 
oxidized  by  the  air  which  comes  through  the  system  along  with  these 
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gases  from  various  leakages,  etc.  The  weak  liquid  going  down  the  tower 
L  passes  through  the  pipe  { into  the  receiver  V  whence  it  goes  into  an  air 
lift  i"  and  is  thrown  up  thereby  into  the  storage  tank  P  at  the  top  of  the 
other  set  of  towers.  From  here  a  pipe  p  permits  the  exit  of  the  air  used 
in  blowing  to  the  atmosphere  because  the  acid  in  this  tower  is  so  weak 
that  little  gas  will  be  carried  away  from  it.  From  the  tank  P  a  pipe 
returns  the  weak  acid  to  the  top  of  the  tower  L  which  contains  a  distrib- 
utor to  insure  equal  flow  of  acid  down  through  the  cross-section  of  the 
tower.  The  receiver  U  receives  a  slight  but  steady  flow  of  water  main- 
taining the  acid  in  the  system  of  the  tower  L  at  about  18°  to  20°  B6. 
Naturally  with  the  addition  of  water  absorption  of  gas  and  oxidizing  of 
this  gas  into  nitric  acid,  an  excess  of  acid  accumulates  in  the  tank  P. 
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This  excess  is  permitted  to  overflow  by  gravity  to  the  pipe  p'  into  the  strong 
acid  receiver  0,  from  the  bottom  of  which  a  supply  pipe  is  carried  to  the 
tower  K.  From  the  bottom  of  this  tower  K  a  pipe  k  carries  the  strong 
tower  acid  into  the  receiver  A:'  whence  it  passes  into  the  air-Hft  fc"  and  is 
elevated  into  the  receiver  0.  In  this  tower  the  stronger  gas  is  absorbed 
and  oxidized  and  a  portion  of  the  outflow  from  the  tower  K  is  permitted 
to  pass  out  through  the  valve  q  into  the  receiver  Q  for  the  recovered  tower 
acid  which  will  be  from  35°  to  40°  B6.  The  strong  acid  accumulated 
in  the  receiver  E  is  elevated  by  a  Montejus  or  air  lift,  not  shown,  into  the 
receiver  My  which  is  the  acid  supply  reservoir  for  the  bleaching  system. 
From  here  it  is  allowed  to  flow  in  a  slow  stream  through  the  coil  R  immersed 
in  a  hot  water  tank  and  thence  into  the  tower  S, which  is  likewise  inmiersed 
in  a  deeper  hot  water  tank  and  is  filled  with  pumice  stone  or  coke.  The 
temperature  of  the  hot  water  in  the  two  tanks  is  carefully  regulated  to 
heat  the  acid  to  approximately  80°  C.  and  a  slow  stream  of  air  is  supplied 
to  the  bottom  of  the  tower  S  through  pipes  not  showji.  The  acid 
warmed  up  in  the  coil  R  and  flowing  down  over  the  extended  surface  of 
the  coke  or  pumice  in  the  tower  S  is  fully  exposed  to  this  stream  of  warm 
air  and  thus  oxidized.  At  the  same  time  whatever  lower  oxides  of  lower 
oxides  of  nitrogen  not  thus  oxidized  are  blown  out  by  the  stream  of  air 
and  with  it  into  the  coil  above. 

This  coil  is  connected  as  a  reflux  and  is  given  a  very  small  supply 
of  water,  since  the  object  is  only  to  condense  the  liquid  which  might  be 
carried  out  with  the  gas.  The  lower  oxides  pass  out  through  the  coil 
T  into  the  strong  tower  f/  of  a  separate  recovery  system,  where  they 
are  oxidized  as  were  the  lower  oxides  from  the  generating  plant  in  the  tower 
Jf..  Likewise  a  second  tower  B  for  weak  acid  is  provided  similar  to  the 
tower  L.  The  supply  of  acid  for  U  is  taken  from  the  reservoir  0  which 
supplies  the  other  strong  tower  K  and  the  weak  acid  for  supplying  the 
tower  V  is  taken  from  the  reservoir  P,  The  outflow  lines  at  the  bottom 
of  the  towers  U  and  V  respectively,  join  the  lines  k  and  I  respectively 
from  the  strong  and  weak  recovery  towers  connected  with  the  generating 
system  and  the  same  air  lifts  furnish  a  continuous  supply  for  both  the 
decomposing  and  the  bleaching  system.  After  passing  down  through 
the  heated  tower  S  the  acid  is  entirely  freed  from  chlorine,  contains 
less  than  0.10  per  cent  lower  oxides  figured  as  N2O3  and  is  received  in 
the  jar  W  for  test  and  examination,  whence  it  is  run  by  a  pipe  not  shown 
into  the  final  receiver  for  bleached  acid  X,  This  system  will  seem  to  be 
somewhat  complicated,  but  it  is  found  to  be  thoroughly  efficient  and  lends 
itself  readily  to  careful  control  to  the  quality  of  acid  at  various  points. 
Some  of  the  larger  manufacturers  of  strong  nitric,  for  use  in  making  mixed 
acid,  both  in  this  country  and  abroad,  use  this  system,  with  great  success. 
From  94  to  96  per  cent  recovery  of  the  nitric  from  nitrate  of  soda  is  made 
and  the  average  strength  of  all  acid  produced  returning  weak  acid  from 
the  receiver  Q  into  retort  A  along  with  the  sulphuric  acid  used,  is  about 
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88  to  89  per  c«it  without  special  drying  of  the  nitrate  of  soda  and  using 
sulphuric  acid  of  about  98  per  cent  before  dilution  with  the  weak  nitric. 
Gutmann  Condenser.  Somewhat  similar  in  principle  though  less  com- 
plicated in  arrangement  is  the  condenser  system  of  Gutmann  illustrated  in 
F^g.  153.     Here  the  gases  from  the  stills  A,  A',  etc.,  are  taken  over  through 
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the  long  stoneware  pipes  B,  to  preliminary  receivers  C,  C,  etc.,  similar 
to  those  used  in  the  plant  just  described.  These  serve  a  similar  pur- 
pose, i.e.,  to  catch  any  suspended  or  entrained  matter  that  may  be 
carried  over  by  foamii^  or  by  excessive  violence  of  gas  evolution.    Fig. 
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154  shows  a  side  view  of  the  same  plant  and  Fig.  155,  an  end  elevation-  As 
will  be  seen  in  the  side  view  the  receivers  C  are  in  this  case  also  connected 
with  the  general  acid  line  to  the  finished  acid  receivers  so  that  if  the 
acid  collected  in  the  receiver  C  proves  of  satisfactory  quality  it  can  be 
run  in  with  the  rest  of  the  production  from  the  plant.  From  this  receiver 
the  gases  pass  up  through  the  pipe  D  into  a  series  of  vertical  earthenw^are 
pipes  set  in  water  in  a  wooden  tank.  The  joints  are  made  just  above  the 
surface  of  the  water  and  just  below  the  bottom  of  the  tank.  The  pipes 
passing  out  through  slightly  tapered  holes  in  the  bottom  being  surrounded 
with  heavy  rubber  rings,  stand  down  into  the  hole  so  as  to  make  a  water- 
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Fig.  155. 


tight  joint.  The  water  in  this  tank  is  maintained  slightly  warm  and  by 
proper  manipulation  a  well  bleached  acid  can  be  obtained.  The  gases 
after  passing  through  these  water-cooled  pipes  unite  in  a  general  gas 
main  which  conveys  them  to  the  final  recovery  tower,  which  is  sprayed 
with  acid  from  a  receiver,  not  shown  in  the  drawing,  in  a  manner  similar 
to  that  described  in  the  previous  plant.  Here,  however,  only  one  tower 
is  customarily  used  and  the  weak  acid  made  is  not  as  strong  as  that 
obtained  in  the  other  installation.  Lanterns  are  provided  for  observing 
the  color  of  the  gases  and  controlling  in  this  manner  the  draft  of  a 
chimney  connected  to  the  pipe  through  a  final  receiver  intended  to  catch 
any  last  traces  of  suspended  acid  coming  over  from  the  splash  of  the 
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distributor  in  the  tower.    The  yield  from  the  Gutmann  plant  is  ex- 
cellent and   substantially    all  the  acid    is   made   in  a  ready  bleached 
condition,  but  the  securing  of  this  result  requires  somewhat  careful  manip- 
ulation  of    the   cooling  water  and  where  there  is  no  chamber  plant  to 
receive  the  weak  acid  made  in  the  tower  it  is  desirable  to  have  two  towers 
in  series  so  as  to  produce  the  weak  acid  of  somewhat  higher  strength  that 
can  be  used  to  better  advantage  in  mixing  with  the  sulphuric  supplied 
to  the  retort.    An  injector  is  inserted  in  the  gas  pipe  between  the  still 
and  the  first  receiver  and  supplied  with  compressed  air  heated  by  passing 
through  pipes  set  in  the  brickwork.     This  hot  air  serves  two  purposes: 
First,  to  quickly  draw  the  gases  away  from  the  still  and  so  far  as  possible 
shorten  their  contact  with  the  hot  iron,  and  in  the  second  place  it  supplies 
the  necessary  oxygen  to  carry  on  a  considerable  amount  of  oxidation  of 
the  lower  oxides  of  nitrogen  in  the  pipes  B,  the  receiver  C  and  the  warm 
condensing  pipes  immersed  in  the  tanks. 

Skoglund  Condenser.  In  most  nitric  acid  plants  the  aim  is  to  combine 
the  condensation  and  bleaching  into  a  single  step,  by  doing  the  condensa- 
tion at  such  a  temperature  that  as  little  of  the  lower  oxides  of  nitrogen 
shall  be  condensed  with  the  acid  as  possible  and  that  in  the  second 
place  what  little  is  condensed  shall  be  supplied  with  sufiicient  hot  air  to 
carry  out  its  oxidation  at  once  and  produce  in  a  single  step  a  water-white 
acid  of  high  strength.  The  simplest,  and  in  the  writer's  opinion  the 
most  efficient,  apparatus  for  this  pmpose  is  the  condenser  system  of 
Skoglund,  see  Pig.  156.  It  is  characterized  by  the  carrying  out  of  this 
preliminary  condensation  and  bleaching  action  in  a  tower  somewhat 
similar  to,  though  smaller  in  size  than  the  final  towers  used  for  the  oxida- 
tign  of  lower  oxides  that  cannot  be  condensed.  From  the  still  A  the  gases 
pass  over  in  the  usual  manner  into  a  tourille  or  jar  £  serving  as  a  sort  of 
safety  bottle  to  catch  any  suspended  matter  that  may  be  carried  over 
when  the  still  foams.  From  here  they  pass  through  a  pipe  C  into  a  special 
injector  pipe  D  which  is  arranged  to  be  served  with  compressed  air  and 
thence  into  the  bottom  of  the  tower  F.  This  tower  is  filled  with  lumps 
of  quartz  through  .which  the  hot  gases  mixed  with  air  pass  upward,  while 
the  acid,  after  condensation,  flows  downward.  From  the  top  of  the 
tower  the  gases  pass  through  a  condenser  which  is  generally  a  water-cooled 
coil.  In  this  figure  it  is  shown  as  an  air-cooled  series  of  pipes  G  which 
may,  however,  be  water  cooled  if  desired  by  covering  each  with  a  piece  of 
linen  and  trickling  water  down  upon  them  from  above.  The  purpose 
of  the  linen  is  to  distribute  the  film  of  water  equally  over  the  surface  of 
the  pipes  and  not  permit  it  to  flow  through  certain  lines  caused  by  salt 
deposits,  thus  producing  irregular  cooling  and  consequent  breakage  of 
the  pipes.  From  this  condenser  the  gases  pass  over  by  a  pipe  F  to 
the  bottom  of  the  tower  H  and  thence  through  the  tower  H\  both  of  which 
are  similar  to  the  final  towers  in  either  of  the  other  systems  described, 
The  acid  produced  in  the  condenser  G  flows  downward  through  the  tower. 
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entering  it  at  almost  the  boiling-point,  which  temperature  is  maintamed 
throughout  its  entire  flow  over  the  surface  of  the  quartz.  Accumulating 
at  the  bottom  of  the  tower,  the  acid  then  flows  out  through  the  pipe  / 
into  the  small  jar  or  tourille  J,  whence  it  flows  through  the  cooling  worm 
Kj  out  of  the  top  of  this  worm  through  the  overflow  L  and  into  the  final 
storage  jar  M.  Similar  storage  jars  are  provided  for  the  acid  from  the 
towers  G  and  H  so  that  it  may  be  returned  with  the  sulphiuic  acid  into 
the  still  A.  Through  the  center  mouthpiece  of  the  jar  J  another  hot-air 
pipe  is  carried  to  the  bottom  of  the  acid  in  J  and  the  large  mouthpiece 
of  /  is  connected  with  a  similar  inlet  to  the  tower  so  that  instead  of  using 
the  injector  through  the  pipe  D  air  is  preferably  blown  through  the  hot 


Fig.  156. 

acid  collected  in  the  jar  J  and  the  gases  thus  removed  carried  back  into 
the  tower.  In  order  to  maintain  this  tower  at  a  high  temperature  it  is 
customary  to  connect  3  or  4  stills  charged  in  rotation  to  a  single  tower. 
Either  the  bottom  of  the  tower  is  provided  with  inlets  on  three  or 
four  sides,  or  else  a  common  gas  main  is  employed,  into  which  the  injectors 
O  are  connected.  The  jar  B  is  asbestos  covered  but  it  cools  down  consider- 
ably after  each  charge  and  serving  as  a  sort  of  preliminary  condenser  to 
catch  the  first  weaker  acid  that  comes  over  when  the  still  is  charged.  In 
some  cases  this  acid  is  added  to  the  condenser  acid  at  the  top  of  the  tower 
by  means  of  a  specially  provided  neck,  but  generally  it  is  mixed  with  the 
sulphuric  acid  and  the  weaker  acid  from  the  final  towers  H  and  H'y  the 
whole  being  returned  to  the  still  with  the  nitrated  soda  of  the  succeeding 
charge.  Using  moderately  dry  (not  specially  dried)  nitrate  of  soda  and  98 
or  99  per  cent  sulphuric  diluted  with  the  weak  nitric  acid  to  a  strength 
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of    approximately  93  per  cent  H2SO4;  the  average  output  from  this 

plant  is  from  89  to  90  per  cent  in  strength,  perfectly  water-white  and 

substantially  free  from   chlorine.      The  operation  is  conducted  imder 

a  slight  suction.    As  the  tower  E  is  carefully  jacketed  with  insulating  mate* 

rial  so  as  to  maintain  its  high  temperature  and  protect  it  from  contact 

'with  the  cold  air,  and  the  pipes  C  and  D  are  also  carefully  jacketed,  there 

is  practically  no  risk  of  breakage  except  of  the  air-cooled  pipes  G,    This 

breakage  is  as  small  as  can  he  credited  to  any  form  of  nitric  condensation. 

Storage  and  Packing.    Nitric  acid  is  stored  in  stoneware  pots  or  in  the 

carboys  to  be  shipped.     For  the  manufacture  of  mixed  acid,  however,  it 

is   most   conveniently  stored  along   with    a   portion    of    the   sulphuric 

acid  with  which  it  is  necessary  to  mix  it.     When  containing  5  per  cent 

of  sulphuric  acid  and  not  over  3  per  cent  of  water,  the  mixture  may 

be  quite  safely  stored   in  iron  tanks  for   an  indefinite  period.    Iron 

is  much  preferable  to  lead  for  strong  acid,  while  stoneware  is  better  than 

either  for  weaker  acid.    The  carboys  used  for  the  shipment  of  nitric  acid 

are  usually  not  packed  with  hay  because  of  the  risk  of  fire  should  a  carboy 

be  broken  and  the  strong  nitric  acid  come  in  contact  with  the  organic 

material.     The  rubber-packed  carboys  described  under  the  chapter  on 

sulphuric  acid  are  much  preferable  for  nitric  acid. 


IX 
SALT,   HYDROCHLORIC  ACID  AND    SODIUM  SULPHATE 

OWEN   L.  SHINX, 

Asst.  Professor  of  Chemistry ^  University  of  Pennsylvania 

Salt.    Common  salt  has  been  known  and  used  since  the  time  of  the 
earliest  man.     It  is  an  important  constituent  of  food  for  both  man  and 
animals.     It  is  found  in  all  parts  of  the  world.    Small  amounts  are  pres- 
ent in  most  river  waters  and  some  spring  waters  are  impregnated  with 
large  quantities  of  it.     Sea  water  contains  it  to  the  extent  of  about  3  per 
eent,  while  the  water  of  the  Dead  Sea  contains  about  10  per  cent  and  that 
of  the  Great  Salt  Lake,  9.7  per  cent.     It  is  also  found  in  large  deposits  as 
rock  salt,  where  it  may  exist  in  a  colorless  transparent  form  or  with  vary- 
ing grades  of  purity  down  to  a  marl-like  mass  which  contains  but  little  salt. 
The  deposits  that  are  worked  usually  consist  of  salt  not  in  transparent 
condition,  but  in  a  white,  gray  or  red  massive  state.     When  it  is  transpar- 
ent it  will  split  out  in  cubes,  but  there  is  no  cleavage  in  its  more  impure 
conditions.     There  are  many  deposits  of  rock  salt  in  Germany  and  Austria, 
the  most  important  being  at  Strassfurt.     In  Spain  there  is  a  bed  of  import- 
ance;  and  in  fact  all  countries  possess  some  salt  deposits.     In  the  United 
States  the  most  salt  is  produced  in  Michigan.     From  these  deposits,  in 
1907,  10,786,630  barrels  were  produced,  valued  at  $2,062,357.     New  York 
furnishes  less,   but  it  is  of  better  quality.     Ohio,  Virginia,  Utah,  and 
Louisiana,  also,  have  salt  deposits  of  considerable  extent.     Rock  salt  and 
brine,  w^ith  few  exceptions,  contain  so  much  impurity  that  for  the  table 
and    for    many    manufacturing    purpose^    the    salt    must    be    purified 
before  use. 

Properties.  Sodium  chloride  is  a  colorless,  crystalline  solid,  with  a 
specific  gravity  of  2.13,  crystallizing  in  cubes  often  with  hollow  faces.  It 
melts  at  815°  C.  or  1500°  F.,  and  volatilizes  below  a  white  heat.  There  is 
little  difference  in  the  solubility  of  salt  in  hot  an^  cold  water,  100  parts  of 
water  at  0°  dissolving  36  parts  of  salt,  while  100  parts  of  water  at  boiling 
temperature  dissolve  39  parts.  This  fact  makes  it  possible  to  separate  salt 
from  its  impurities,  as  most  other  substances  are  much  more  soluble  in  hot 
than  in  cold  water.  Absolutely  pure  salt  is  not  hygroscopic,  but  ordinary- 
salt  will  attract  moisture  from  the  air,  sometimes  in  quantities  sufficient  to 

232 


SALT,  HYDROCHLORIC  ACID  AND  SODIUM  SULPHATE      233 

form  a  paste.    This  is  due  to  the  presence  of  admixed  calcium  or  magnesium 
chloride,  which  always  accompanies  salt  in  its  deposits. 

Theory  of  Deposits.  The  salt  beds  always  give  indications  of  being  the 
result  of  the  drying  up  of  salt  seas.  In  these  deposits  the  admixed  salts  are 
found  in  the  relative  order  of  their  solubility.  On  the  bottom  are  found 
the  insoluble  calcium' sulphate,  calcium  and  magnesium  carbonates,  while 
on  the  top  are  the  deliquescent  chlorides  of  calcium  and  magnesium,  with 
the  chlorides  of  sodium  and  potassium  and  their  sulphates  and  the  sulphate 
of  magnesium  intermediate  in  the  order  of  their  solubility.  The  problem 
of  producing  commercial  salt  is  to  separate  it  from  its  impurities,  and  this 
is  done  usually  by  recrystaUization. 

Working  of  Deposit.  The  working  of  the  salt  deposits  is  dependent 
upon  the  purity.  In  the  German  deposits  and  in  many  others  the  rock  salt 
is  mined,  while  in  other  deposits,  as  in  New  York,  the  location  of  the  bed  or 
the  large  quantity  of  admixed  clay  or  earthy  matter  renders  this  method 
impractical,  and  the  salt  is  removed  from  the  ground  by  boring  wells  and 
dissolving  the  salt  out  with  water.  In  this  case  it  is  important  to  protect  the 
upper  part  of  the  wells  with  pipes  to  prevent  the  absorption  of  the  brine  by 
the  surface  soil.  The  brine,  whether  natural  (sea  water,  spring  water)  or 
artificial,  must  now  be  concentrated.  This  may  be  done  either  by  natural 
evaporation  through  the  aid  of  the  sun  or  by  the  use  of  fuel.  A  means  of  puri- 
fying both  rock  salt  and  brine  in  one  process  consists  in  saturating  the  latter 
with  the  former  and  then  crystallizing.  In  warm  countries,  as  along  the 
shores  of  the  Mediterranean,  the  sea  water  is  collected  in  reservoirs  and 
then  exposed  in  shallow  trenches  to  the  heat  of  the  sun,  the  salt  being  re- 
moved as  it  crystallizes,  placed  in  heaps  and  allowed  to  drain  and  dry. 
This  is  so  impure  that  it  must  be  refined  before  it  can  be  used  for  table  or 
dairy  purposes.  A  process  similar  to  this  is  practised  in  working  the  salt 
in  Great  Salt  Lake.  The  water  is  pumped  into  crystallizing  ponds,  which 
are  simply  large  areas,  enclosed  with  mud  banks  and  divided  into  smaller 
hasins.  The  total  area  of  these  ponds  is  about  two  square  miles.  The 
crystallization  is  carried  on  from  March  15th  to  September  15th,  after 
which  time  the  liquid  is  run  back  into  the  lake  and  the  **  crop  "  gathered. 
The  "  crop "  consists  of  a  layer  of  about  6  ins.  of  salt,  or  about  900 
tons  per  acre.  The  brine  which  was  run  back  into  the  lake  carries  with  it 
the  bulk  of  the  impurities,  particularly  the  calcium  and  magnesium  salts, 
but  the  gathered  salt  is  largely  contaminated  with  sodium  sulphate.  This 
impurity  is  removed  by  drying,  when  the  sulphate  will  effloresce  and  be 
reduced  to  a  fine  powder.  When  this  powder  is  acted  upon  by  a  current 
of  compressed  air  the  fine  sulphate  will  be  blown  away,  leaving  the  coarser 
salt.  When  this  is  ground  and  screened  it  contains  about  98  per  cent  of 
sodium  chloride.  The  fine  material  which  was  blown  out  contains  about 
75  per  cent  of  salt;  this  is  pressed  in  cakes,  and  is  used  for  cattle  and  sheep. 
This  salt  is  not  very  satisfactory  for  dairj*^  purposes,  owing  to  the  sulphates 
which  it  still  contains.    In  Norway,  and  other  cold  countries,  the  sea 
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water  is  concentrated  by  freezing  the  water  in  enclosed  basins,  then 
pumping  out  the  still  liquid  part,  which  contains  all  of  the  salt,  and  evap- 
orating to  crystallization. 

Evaporation  of  Brine.  The  usual  form  of  apparatus  for  evaporating 
the  brine  by  artificial  heat  is  a  long,  narrow,  shallow  pan,  heated  at  one  end 
and  with  flues  running  the  entire  length.  These  pans  vary  from  40  ft.  to 
over  100  ft.  in  length,  and  from  10  to  25  ft.  in  width.  The  salt  is  raked  out 
as  it  forms.  The  most  difficult  impurity  to  remove  here  is  calcium  sulphate, 
which  collects  in  the  form  of  a  scale  on  the  pan.  This  must  be  removed, 
or  local  superheating  will  result  in  the^destruction  of  the  pan.  Various 
attempts  have  been  made  to  use  the  vacuum  pan  in  the  salt-boiling  industry,' 
but  on  account  of  the  separation  of  anhydrous  calcium  sulphate,  this  process 
has  not  proven  successful.  In  the  boiling  of  salt,  if  a  small  quantity  of  fat 
or  oil  is  added  to  the  pan  it  prevents  the  formation  of  a  crust  on  the  surface, 
which  would  retard  evaporation.  The  salt  which  is  fished  out  of  the 
pans  is  exposed  to  steam.  This  dissolves  out  the  more  soluble  chlorides 
of  calcium  ajfid  magnesium,  after  which  it  is  whizzed  and  dried. 

Uses  of  Salt.  In  addition  to  its  use  for  table  and  dairy  purposes, 
sodium  chloride  is  used  in  preparing  sodium  sulphate,  sodium  carbonate, 
and  indirectly  for  the  production  of  all  sodium  salts.  It  is  used  in  tan- 
ning, wet  extracting  of  copper  and  silver  from  ores,  as  a  glaze  for  the  common 
earthenware  or  stoneware,  and  as  a  food  preservative.  Hydrochloric 
acid  is  /dso  produced  from  common  salt. 

Some  countries  impose  a  tax  on  salt  used  for  table  or  dairy  purposes; 
c^niillercial  salt  being  prepared  under  government  supervision  and  **  dena- 
tiired^''  by  the  addition  of  various  substances  which  would  render  it  unfit 
r  lor  table  use,  such  as  Glauber's  salt,  soda  ash,  4-15  per  cent,  soda  crystals, 
\2  per  centf^ulphuric^fti^,  2  per  cent,  strong  hydrochloric  acid,  2  per  cent, 
a^nmonia  liquor,  or  aniline  dye.  The  use  to  which  the  salt  is  to  be  put 
determines  which  of  the  denaturing  substances  is  to  be  used. 
^  Sodium  Sulphate.  Sodium  sulphate  occurs  in  nature  both  in  crystal- 
lized form  and  dissolved  in  water.  Large  deposits  are  found  in  Arizona, 
Spain,  Peru,  Hungary,  Siberia,  and  Hawaiian  Islands.  Much  of  this  sul- 
phate is  pure  enough  for  technical  uses.  Nearly  all  natural  sulphate, 
however,  contains  enough  iron  to  make  it  unfit  for  glass  manufacture. 
As  a  usual  thing  sodium  sulphate  is  prepared  in  the  anhydrous  state, 
and  only  a  small  proportion  is  converted  into  the  crystallized  form. 

The  usual  method  of  preparing  salt  cake  is  by  the  action  of  sulphuric 
acid  upon  salt,  producing  hydrochloric  acid  as  a  byproduct.  In  this 
country,  where  the  Leblanc  soda  process  is  not  used,  hydrochloric  acid 
is  made,  and  the  sulphate  obtained  as  a  byproduct. 

In  the  manufacture  of  nitric  acid,  by  the  action  of  sulphuric  acid  upon 
soda  nitre,  the  sulphate  formed  is  NaHS04,  which  is  of  very  little  technical 
use.  In  most  places  this  is  considered  a  true  waste  product,  and  treated 
as  such.     If  vitriol  and  nitre  were  taken  in  the  proportion  required  to  pro- 
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duce  a  neutral  sulphate,  the  extra  cost  of  working  and  the  loss  by  decom- 
position would  more  than  balance  the  value  of  the  sulphate  formed:  In 
England  it  is  customary  to  mix  the  nitre  cake  with  the  salt  in  the  salt  cake 
furnace  and  work  it  up  in  that  way.  This  is  seldom  done  in  this  coimtry. 
Many  other  methods  have  been  proposed  for  making  sulphate,  but  the  only 
one  to  meet  with  success  is  that  of  Hargreaves  and  Robinson,  which  is  used 
to  some  extent  in  Europe,  and  finds  in  this  country  limited  application, 
due  largely  to  the  fact  that  Leblanc  soda  is  not  made  here.  This  method 
consists  in  passing  sulphur  dioxide  (burner  gas)  oxygen  (air)  and  steam 
over  salt,  when  decomposition  taMbs  place: 

2NaCH-S02+0+H20  =  Na2S04+2HCl. 

The  salt  must  be  specially  prepared,  so  as  to  make  it  porous  ancf  thus 
easily  penetrated  by  the  gases.  This  is  done  first  by  grinding  the  salt, 
then  mixing  with  water,  moulding  into  a  cake  and  drying  between  plates. 
The  decomposition  takes  place  in  cast-iron  cylinders  arranged  in  a  battery 
of  eight,  six  of  which  are  in  use  while  the  other  two  are  being  recharged. 
The  principle  of  the  counter  currents  is  used  here,  the  fresh  salt  being  acted 
upK)n  by  the  gas  almost  exhausted  and  the  fresh  gas  coming  in  C3ntact 
with  the  almost  converted  sulphate.  A  temperature  of  400°  must  be  main- 
tained.   The  yield  is  from  93  per  cent  to  98  per  cent. 

By  far  the  most  important  method  for  the  production  of  sulphate  is  the 
old  method  of  decomposing  salt  with  sulphuric  acid.  This  decomposition 
takes  place  in  two  stages:  first,  NaCl+H2S04=NaHS04+HCl;  second,  y 
NaCl+NaHS04=Na2S04+HCl.  The  first  of  these  takes  place  at  ordl^ 
nary  temperature,  but  the  second  requires  considerable  heat.  .  The  actual 
decomposition  is  usually  accomplished  in  two  parts  of  the  fimiace,  exci&pt  ' 
where  the  cylinder  furnaces  are  used.  Here  the  operation  is  complete  in 
the  one  apparatus.  The  salt  and  sulphuric  acid  are  mixed  in  a  cast-iron 
pan  and  gently  heated,  usually  by  waste  heat,  until  the  mass  becomes  stiff. 
It  is  then  pushed  over  onto  the  bed  of  a  reverberatory  furnace,  where  it  is 
^  heated  until  all  the  acid  is  driven  off.  In  many  work*,  instead  of  the  rever- 
beratory furnace  a  muffle  is  used,  thus  keeping  the  acid  vapors  and  the 
furnace  gas  separate,  and  not  contaminating  the  sulphate  with  the  furnace 
dust,  thus  permitting  the  use  of  coal  instead  of  coke  for  fuel.  During  the 
second  heating  the  mass  is  worked  by  rakes  and  sUce  bars  in  order  to  insure 
complete  action. 

Formerly  the  pans  were  made  of  lead,  but  they  have  almost  entirely 
been  replaced  by  cast-iron  pans.  The  lead  pans  are  still  used  in  making 
salt  cake  for  the  plate-glass  industry.  The  iron  pans  are  circular  in  shape, 
from  10  to  14  ft.  in  diameter,  and  about"  2  ft.  deep.  They  are  at  the 
bottom  5  to  7  ins.  thick  and  on  the  sides  2  to  3  ins.  They  are  built  in 
the  furnace  and  covered  with  a  gas-tight  dome  made  of  firebrick,  and 
provided  with  an  earthenware  pipe  to  carry  away  the  hydrochloric  acid. 
Mechanical  salt-cake  furnaces  have  been  introduced  in  England,  but  they 
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are  objected  to  on  account  of  the  introduction  of  a  considerable  quantity 
of  iron  into  the  salt  cake.  These  furnaces  consist  of  flat-bottomed  iron 
pans,  provided  with  a  shaft  carrying  plows  to  keep  the  ma&s  thoroughly 
worked  up.  When  the  reaction  is  complete  the  salt  cake  is  raked  out  and 
allowed  to  cool. 

Salt  cake  contains  from  93  per  cent  to  99  per  cent  of  Na2S04. 

The  varying  quantities  of  impurities  in  salt  cake,  such  as  NaHSOi, 
CaS04,  FeS04,  Fe203,  MgS04,  Si02,  NaCl,  depend  upon  the  salt  used  and 
the  kind  of  furnace.  The  sulphate  from  Hargreaves'  process  gives  a  purer 
product,  excepting  its  content  of  NaCl,  which  is  high. 

Glauber's  Salt.  In  the  production  of  Glauber's  salt,  the  salt  cake  is 
dissolved  in  hot  water,  filter  pressed  and  run  into  coolers.  If  the  salt  is 
desired  in  large  crystals  (to  adulterate  crystal  soda)  the  coolers  are  made  of 
heavy  planking  and  so  protected  that  the  crystallization  takes  place  without 
any  agitation.  If  from  10  to  12  per  cent  of  soda  is  added  with  the  salt  cake, 
the  crystals  will  be  larger,  firmer,  and  more  like  soda.  If  small  granular  cr^'s- 
tals  are  desired  the  hot  liquid  is  run  into  large  coolers,  and  when  the  tem- 
peratiu-e  has  fallen  to  about  30®  C.  the  liquid  agitated  either  by  a  wooden 
paddle  or  by  blowing  compressed  air  through  the  liquid.  This  gives 
the  sulphate  in  the  form  of  fine  needles,  much  resembling  Epsom's  salt, 
and  it  was  formerly  used  to  adulterate  and  even  as  a  substitute  for  that 
salt.  The  addition  of  some  soda  ash  before  crystallization  serves  the 
double  purpose  of  improving  the  appearance  of  the  crystals  and  precipi- 
tating the  iron.  A  little  milk  of  lime  is  also  added  to  free  it  from  iron 
adulteration. 

In  order  to  get  a  very  pure  Glauber's  salt,  the  crystals  first  obtained 
are  freed  from  the  mother  liquor  by  whizzing,  and  are  recrystallized. 
The  crystallizing  of  a  batch  of  sulphate  crystals  takes  from  five  to  eight  da^'B 
in  winter,  and  from  fifteen  to  twenty  days  in  the  summer.  The  great 
change  in  the  solubility,  due  to  a  slight  change  in  temperature,  makes  it 
more  profitable  to  push  the  crystallization  during  the  winter  and  store  up 
the  material  during  the  summer. 

The  principal  uses  of  sodium  sulphate  are  soda  making,  glass  making, 
especially  window  and  bottle  glass,  and  for  making  ultramarine.  In  the 
form  of  Glauber's  salt  it  is  used  as  a  mordant,  in  the  production  of 
thiosulphate,  in  medicine,  especially  for  veterinary  uses,  and  in  the  making 
of  cooling  mixtures. 

Hydrochloric  Acid.  Hydrochloric  acid  occurs  in  nature  as  a  constit- 
uent of  volcanic  gases,  and  is  also  found  dissolved  in  water.  Some  of  the 
head  streams  of  the  Amazon  and  other  South  American  rivers  hdve  small 
quantities,  but  with  no  commercial  value.  In  the  manufacture  of  hydro- 
chloric acid  a  chloride,  either  a  natural  salt  or  a  waste  product  from  some 
industrial  operation,  is  used. 

This  acid  was  known  to  the  ancients,  and  was  made  by  them  by  fusing 
salt  with  green  vitriol.    It  was  only  known  in  solution,  and  the  gas  was 
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not  known  until  the  time  of  Priestley*    In  the  early  days  of  the  alkali 
industry  the  hydrochloric  acid,  a  waste  product  formed  in  the  production 
of  sulphate,  was  a  great  nuisance,  and  caused  the  manufacturer  trouble,  as 
it  would  destroy  vegetation  for  some  distance  around  the  plant.    To  pre- 
vent this,  they  built  high  stacks,  to  the  height  of  500  ft.,  so  as  to  dilute 
the  acid  vapors;  but  this  only  served  to  widen  the  circle  of  destruction, 
which  extended  over  a  mile  and  a  half  from  the  works.     Then  they  con- 
ducted the  gas  into  underground  cisterns  and  channels,  absorbing  the  gas 
in  water  and  discharging  it  into  the  nearest  water  course.     This  killed  the 
fish  and  gave  an  acid  water  which  would  corrode  the  metal  parts  of  ships. 
Then  came  the  economic  absorption  by  water  and  the  utilization  of  the 
acid  formed  in  the  production  of  chlorine,  which  was  consumed  in  the 
bleach  manufacturing  industry.    Thus,  the  production  of  bleach  was  a 
natural  outcome  of  the  alkaU  industry,  utilizing  the  waste  acid  from  the 
salt  cake  apparatus.    In  this  country  hydrochloric  acid  is  the  principal 
product  of  the  action  of  sulphuric  acid  on  salt,  and  the  sulphate  is  of  sec- 
ondary consideration.     In  England  the  method  of  condensation  is  by  the 
use  of  coke  towers,  the  acid  vapors  rising  through  a  tall  narrow  tower 
packed  with  coke,  and  meeting  a  stream  of  water  which  flows  down  from 
the  top.    In  Europe  a  train  of  earthenware  Woulff  bottles  (bombonns)  is 
used.    In  this  country  a  combination  process  is  generally  employed,  the 
gas  first  passing  through  a  train  of  the  Woulff  bottles,  and  then  into  a  coke 
tower.    The  water  which  enters  the  top  of  the  coke  tower  flows  through 
the  Woulff  bottles,  and  the  strong  hydrochloric  acid  is  collected  from  the 
first  bottle.    Often  fifty  or  more  bottles  being  in  the  train,  the  acid  liquid 
running  from  one  bottle  to  another  through  overflow  connections  half  way 
up  the  bottle,  the  connections  being  made  with  glass  tubes,  which  discharge 
into  the  bottom  of  the  receiving  bottle.    As  the  gas  should  be  as  cool  as 
possible  before  it  enters  the  condensers,  long  cooling  pipes  are'introduced 
between  the  furnaces  and  the  condensers. 

In  the  description  of  the  production  of  sulphate  by  the  action  of  sul- 
phuric acid  upon  salt,  mention  was  made  of  the  fact  that  the  reaction  takes 
place  in  two  stages;  first  in  the  cold  from  the  pan  and  second  in  the  furnace 
proper.  The  hydrochloric  acid  which  comes  from  the  furnace  is  not  as 
pure  as  that  formed  in  the  pan,  and  as  a  rule  the  two  acids  are  run  through 
separate  condensing  systems,  and  the  resulting  solutions  collected  sepa- 
rately and  sold  as  different  grade  acids.  That  coming  from  the  roaster  will 
contain  more  iron,  sulphuric  acid,  arsenic,  and  other  impurities  than  the 
acid  collected  from  the  pap.  Hydrochloric  acid  is  rarely  distilled,  the  pure 
acid  being  made  from  pure  materials. 

Very  many  attempts  have  been  made  and  patents  taken  out  for  the 
conversion  of  hydrous  magnesium  chloride  into  hydrochloric  acid  and 
magnesia,  by  the  application  of  heat,  the  equation  MgCl2+H20  =  MgO 
+2HC1  being  usually  given  to  express  the  change.  So  far  all  these 
attempts  have  proven  successful  only  in  part.     The  temperature  required, 
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the  cost  of  labor  in  removing  the  residue  from  the  furnace,  and  the  fact 
that  the  reaction  does  not  take  place  as  written,  but  with  the  formation  of 
an  oxychloride  which  has  little  or  no  value,  makes  the  process  still 
imperfect. 

Purification.  Manufacturers  have  found  it  more  profitable  to  make 
pure  acid  from  pure  new  material  than  to  purify  crude  acid.  Sulphuric 
acid  is  removed  by  adding  to  the  acid,  as  it  comes  from  the  absorbers, 
ground  barium  carbonate,  allowing  to  settle  and  then  decanting.  Arsenic 
is  removed  by  washing  with  coal  oil  in  a  tower  between  the  furnace  and 
the  absorbers. 

One  method  of  purification  consists  in  running  the  crude  hydrochloric 
acid  in  a  thin  stream  into  hot  vitriol.  The  gaseous  acid  driven  out,  is 
passed  through  lead  pipes  and  absorbed  in  piu*e  water  running  through 
lead  towers  packed  with  pure  quartz,  or  well-washed  coke.  The  sulphuric 
acid,  being  concentrated  by  heating,  can  be  used  over  again. 

Uses  of  Hydrochloric  Acid.  Hydrochloric  acid  is  used  in  "  pickling  " 
iron  for  tinning,  in  the  making  of  chlorides  and  of  chlorine,  in  the 
production  of  glue,  in  the  preparation  of  fatty  acids  from  the  lime  soap, 
and  for  various  other  purposes. 
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Sodium  Carbonate.  Before  1791  sodium  carbonate  was  obtained  from 
natural  deposits  and  the  ashes  of  marine  plants.  At  the  time  of  the 
French  Revolution  Leblanc  brought  forward  his  method  for  the  commer- 
cial production  of  soda  from  salt.  The  process,  which  was  introduced  in 
1791,  held  sway  without  competition  until  1863,  when  the  Solvay  process 
(anmionia-soda)  made  its  appearance.  This  would  probably  have  entirely 
replaced  the  Leblanc  process  were  it  not  for  the  valuable  byproduct,  hydro- 
chloric acid,  which  is  formed  during  the  operation  of  the  latter.  At  pres- 
ent the  Leblanc  process  furnishes  a  little  less  than  half  of  th'^  sodimn  car- 
bonate consumed. 

Leblanc  Process.  By  the  action  of  sulphuric  acid  on  common  salt 
sodium  sulphate  is  obtained.  The  sodium  sulphate  is  then  transformed 
into  carbonate  by  the  action  of  carbon  and  calcium  carbonate;  the  reac- 
tions involved  being  represented  by  the  following  equation: 

2Naa+H2S04  =  Na2S04+2HCl, 

Na2S04+2C  =  Na2S+2C02, 
Na2S+CaC03  =  Na2C03+CaS. 

Preparation  of  Sodium  Sulphate  or  Salt  Cake.  The  reaction  takes 
place  in  two  stages,  viz. : 

NaCl+H2S04  =  NaHS04+HCl, 
NaCl+NaHS04  =  Na2S04+HCl. 

The  furnace  used  for  this  purpose  is  described  at  another  place.  The 
first  reaction  takes  place  at  a  comparatively  low  temperature  and  at  the 
back  of  the  furnace;  when  it  slackens  the  charge  is  raked  forward,  and  is 
exposed  to  a  higher  heat  when  the  second  reaction  takes  place.  The  sul- 
phuric acid  should  be  at  a  strength  between  57°  and  60°  B6.  Below  56°  B^. 
it  would  attack  the  cast-iron  pan  of  the  furnace,  and  above  60°  B^.  it  forms 
lumps  of  salt  with  an  anhydrous  coating  of  sodium  sulphate.  This  coating 
prevents  the  penetration  of  the  acid,  thus  making  the  action  irregular  and 
iQComplete. 
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Conversion  of  Salt  Cake  into  Carbonate.  The  salt  cake  should  con- 
tain no  sodium  chloride  and  but  little  free  sulphuric  acid.  It  should 
be  porous  and  friable,  for  which  purpose  it  is  exposed  to  the  action  of  the 
air  for  two  or  three  days.  It  is  now  mixed  with  limestone  and  powdered 
coal,  the  proportions  indicated  by  Leblanc  being: 

Sodium  sulphate 100  parts 

Calcium  carbonate 100  parts 

Carbon 50  parts 

In  practice  it  is  usual  to  use  an  excess  of  limestone  and  coal.  At  the 
end  of  the  operation,  when  the  temperature  has  reached  about  1000°  C, 
the  calcium  carbonate  in  excess  is  decomposed  with  the  formation  of  lime 
and  carbon  dioxide.  The  latter,  coming  in  contact  with  the  carbon,  is 
converted  into  carbon  monoxide;  the  blue  flame  which  makes  its  appear- 
ance indicates  that  the  reaction  is  completed.  The  passage  of  the  carbon 
monoxide  through  the  mass  renders  it  porous.  The  limestone  should  be 
very  pure,  as  silica  and  aluminium  would  cause  the  formation  of  silicates 
and  aluminates.  The  coal  should  contain  little  or  no  nitrogen,  as  this 
gives  rise  to  cyanides,  which  react  upon  iron  to  form  ferrocyanides  and,  in 
small  quantities,  cyanates. 

Black  Ash.  In  the  manufacture  of  black  ash  the  mixture  of  sulphate, 
carbon  and  limestone  is  introduced  into  the  back  of  a  black  ash  or  balling 
furnace,  which  is  a  long  reverberatory  furnace.  The  mixture  is  heated  at 
a  rather  low  temperature  at  first;  then  after  some  time  the  charge  is  raked 
forward,  nearer  the  grate,  where  the  temperature  is  much  higher,  reaching 
1000°  C.  The  mass  is  stirred  until  it  stiffens  and  the  blue  flame  appears, 
indicating  the  end  of  the  reaction.  It  is  now  worked  together  into  a  ball 
and  raked  into  wagons,  where  it  rapidly  solidifies.  On  exposure  to  the  air 
for  two  or  three  days  the  small  quantity  of  lime  present  slakes,  rendering 
the  mass  friable  and  easier  to  lixiviate.  The  hand-worked  furnace  is  being 
replaced  by  the  revolving  furnace,  as  shown  in  Fig.  21. 

Good  black  ash  is  of  a  very  dark  brown  or  gray  color  with  porous  frac- 
ture. It  contains  about  45  per  cent  of  sodiiun  carbonate,  30  per  cent 
of  calcium  sulphide,  10  per  cent  of  calciiun  oxide,  6  per  cent  of  calcium 
carbonate  and  small  amounts  of  sodiiun  silicate,  sodium  aluminate, 
sodium  sulphide,  sodium  chloride,  ferric  oxide  and  coal,  while  very  slight 
amounts  of  cyanide,  ferrocyanide  and  thiosulphate  are  usually  present. 

Ludviation  of  Black  Ash.  When  properly  made,  black  ash  is  easily 
extracted  by  Shank's  process.  The  material  is  placed  in  tanks  having 
false  bottoms,  and  is  systematically  treated  with  water.  The  fresh  water 
comes  in  contact  with  the  nearly  exhausted  ash  and  as  it  becomes  more 
concentrated  it  meets  the  fresh  ash.  The  lixiviation  should  be  done  at  as 
low  a  temperature  as  possible  and  the  ash  kept  covered  with  water  to  avoid 
contact  with  the  air.  In  case  these  precautions  are  not  observed,  second- 
ary reactions  take  place,  thus  reducing  the  yield  of  sodium  carbonate. 
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Purification  and  Evaporation  of  Tank  Liquors^  The  principal  impuri- 
ties of  tank  liquor  are  caustic  soda,  sodium  sulphide,  sodium  thiosulphate, 
sodium  ferrocyanide,  sodium  ferro-sulphide  and  traces  of  other  com- 
ix>unds.  The  liquor  is  allowed  to  clarify  by  sedimentation  and  is  then 
passed  through  carbonating  towers,  where  it  trickles  over  porous  sub- 
stances and  comes  in  contact  with  a  current  of  carbon  dioxide  and  air. 
The  caustic  soda  and  sodium  sulphide  is  here  converted  into  carbonate, 
the  ferro-sulphide  is  decomposed,  and  any  iron,  silica  and  aluminium 
present  precipitated. 

Panlie's  Process.  In  this  process  Mn02,  as  Weldon  mud,  is  added  to 
the  liquor  and  superheated  steam  and  air  are  passed  through  it.  Sodium 
sulphide  is  oxidized  to  sulphate,  and  any  iron,  silica,  and  aluminium  pre- 
cipitated. 

In  either  case  the  purified  liquor  is  evaporated  in  cast-iron  pans.  As 
it  becomes  concentrated  a  crystalline  powder  separates,  Na2C03,H20, 
which  by  calcination  at  a  red  heat  is  converted  to  Na2C03.  The  mother 
liquor  (red  liquor)  is  further  purified  or  used  for  the  production  of  caustic 
soda.  This  red  liquor  usually  contains  a  large  amount  of  caustic  soda  and 
sodium  sulphide. 

Instead  of  calcining  the  Na2C03,H20,  it  may  be  converted  into  soda 
crystals  (sal  soda)  by  dissolving  in  hot  water  and  allowing  it  to  crystallize 
slowly.  In  this  way  large,  nearly  pure,  crystals  of  Na2CO3,10H20  are 
formed. 

Treatment  of  Tank  Waste.  Fresh  tank  waste  contains  from  35  to 
nearly  60  per  cent  of  calcium  sulphide.  To  abate  the  nuisance  from  the 
ill-smelling  H2S  gas,  and  to  save  the  large  amount  of  sulphur  annually  lost, 
manufacturers  have  endeavored  to  recover  it.  Thus  far,  however,  the 
processes  proposed  have  not  fulfilled  expectations  and  none  are  looked 
upon  as  of  great  practical  value. 

Mond's  Process.  As  the  most  promising  of  these  methods  of  recovery, 
however,  may  be  mentioned  Mond's  process.  In  this  the  waste  is  treated  in 
the  lixiviating  tanks  with  a  strong  air  current,  the  calcium  sulphide  being 
verted  mostly  into  calcium  sulph-hydrate  and  calcium  polysulphides. 
The  liquor  thus  obtained  is  treated  with  hydrochloric  acid  at  a  tempera- 
ture of  between  40°  and  60°  C.    The  reaction  may  be  expressed  as  follows: 

CaS203+2CaSn+6HCl  =  3CaCl2+3H20+S2n +2. 

SchafEner  and  Helbig's  Process.  In  this  process  the  calcium  sulphide 
is  decomposed  by  magnesimn  chloride  at  boiling  heat. 

CaS+MgCl2+H20  =  CaCl2+MgO+H2S. 

The  H2S  by  incomplete  oxidation  produces  sulphur  or  may  be  com- 
pletely burned,  the  sulphur  dioxide  formed  being  used  in  the  manufacture 
of  sulphuric  acid.    The  magnesium  oxide  suspended  in  the  solution  of 
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calcium  chloride  on  being  treated  with  a  current  of  carbon  dioxide  will 
regenerate  the  magnesium  chloride  and  cause  a  precipitation  of  calcium 
carbonate  at  the  same  time. 

The  Chance-Claus  Process.  In  this  process  the  tank  waste  is  treated 
with  a  current  of  carbon  dioxide.    The  principal  reactions  are  as  follows: 

2CaS+H20+C02  =  CaC03+Ca(SH)2, 
Ca(SH)2+C02  +H2O  =  CaC03+H2S. 

The  H2S  mixed  with  the  proper  amount  of  air  to  give  the  reaction 
H2S+0  =  H20+S  is  submitted  to  incomplete  combustion  by  passing  it 
through  a  Chance-Claus  sulphur  kiln  where  it  is  led  through  a  layer  of 
broken  firebrick  covered  with  a  layer  of  ferric  oxide  about  one  foot  deep. 
After  starting  the  reaction,  the  heat  generated  is  sufficient  to  keep  the  ferric 
oxide  at  a  dull  red  heat,  at  which  temperature  the  process  is  continuous. 

Processes  have  also  been  brought  forward  by  Gossage,  SchaflFner, 
Haddock  and  Leith,  and  several  others,  but  none  of  them  pay  well,  and  can 
only  be  looked  upon  as  methods  of  doing  away  with  the  nuisance  when  the 
waste  is  allowed  to  accumulate. 

Ammonia  Soda  or  Solvay  Process.  This  process  was  introduced  by 
Solvay  in  1863,  and  has  been  worked  successfully  since  about  1873.  It 
consists  in  reacting  upon  sodium  chloride  in  a  cold  solution  with  hydrogen 
ammonium  carbonate: 

NaCl+NH4HC03 = NaHC03+NH4Cl. 

The  sodium  hydrogen  carbonate- (bicarbonate)  is  calcined,  which  decom- 
poses it  into  sodium  carbonate,  carbon  dioxide  and  water.  By  treating  the 
ammonium  chloride  formed  in  the  first  reaction  with  lime,  the  ammonia  is 
regenerated.  The  carbon  dioxide  is  derived  in  part  from  the  calcination 
of  the  sodium  bicarbonate  and  partly  from  limestone,  which  furnishes  also 
the  lime  for  the  regeneration  of  the  ammonia  from  the  ammonium  chloride. 
The  process  is  more  economical  than  the  Leblanc,  the  product  is  purer  and 
there  is  no  troublesome  byproducts  such  as  tank  waste. 

In  conducting  this  process  a  pure  concentrated  brine  solution  is  satu- 
rated with  ammonia.  The  brine  is  contained  in  tanks  with  perforated 
false  bottoms,  through  which  the  ammonia  is  forced  in  the  form  of  a  gas. 
When  the  brine  is  thoroughly  saturated  with  the  gas  it  is  run  into  the  car- 
bonating  tower.  The  tower  consists  of  a  cast-iron  cylinder  40  to  60  ft. 
high  and  5  to  6  ft.  in  diameter.  At  intervals  of  3  to  3  ?  ft.  there  are  fixed 
plates  with  a  central  opening.  Over  these  plates  are  placed  dome-shaped 
diaphragms,  which  are  perforated  with  numerous  small  holes.  The  am- 
moniacal  brine  is  forced  under  pressure  into  the  carbonating  tower  through 
a  pipe  which  enters  near  the  middle  of  the  tower.  The  carbon  dioxide, 
at  a  pressure  of  25  to  30  lbs.,  is  forced  into  the  lower  end  of  the  tower  and 
allowed  to  bubble  through  the  many  perforated  diaphragms;  its  expansion 
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as  it  enters  the  tower  produces  a  cooling  effect  which  prevents  any  great 
rise  in  temperature. 

NaCl+XH3+H20+C02  =  NH4Cl+NaHC03. 

The  bicarbonate  of  soda  being  insoluble  in  the  ammonium  chloride  solu- 
tion is  precipitated,  drawn  off,  filtered,  washed  with  cold  water  and  cal- 
cined in  cast-iron  pans.  The  carbon  dioxide  liberated  from  the  bicarbonate 
is  pumped  to  the  carbonating  tower,  and  any  ammonia  given  off  is  con- 
densed and  returned  to  the  ammonia  stills.  The  gases  issuing  from  the 
carbonating  tower  are  also  condensed  to  recover  any  ammonia  which  they 
contain.  The  temperature  of  the  solution  in  the  carbonating  tower  should 
be  carefully  controlled,  30°  to  35°  C.  being  the  temperature  most  favorable 
for  the  action. 

The  soda  ash  produced  by  the  calcination  of  Solvay  process  bicarbonate 
of  soda  is  white  and  usually  very  pure,  containing  only  traces  of  salt  and 
sodium  bicarbonate. 

Sodium  Bicarbonate.  Most  of  the  sodium  bicarbonate  on  the  market 
is  produced  by  the  Solvay  process.  It  is  used  in  the  manufacture  of  baking 
powders,  soda  water,  and  other  products  which  require  a  mild  alkali. 

Caustic  Soda.  This  product  is  prepared  by  causticizing  sodium  car- 
bonate with  lime.  The  purified  tank  liquor,  which  must  be  kept  at  a 
specific  gravity  of  LI,  is  treated  with  lime  at  a  boiling  temperature.  Water 
or  dilute  liquor  must  be  added  in  order  that  a  reverse  action  will  not  take 
place.  In  the  Thomas  process  the  reaction  may  be  carried  out  in  a  con- 
centrated liquor,  under  pressure  and  at  a  temperature  between  140°  and 
145°  C.  The  calcium  carbonate  is  allowed  to  settle  and  the  supernatant 
liquor  is  filtered  through  sand  and  carbon.  The  solution  of  caustic  soda 
is  evaporated  in  cast-iron  kettles  until  all  of  the  water  is  driven  off  and  the 
alkali  remains  as  a  fused  mass.  The  lower  compounds  of  sulphur,  such  as 
thiosulphate,  may  be  oxidized  by  the  addition  of  a  small  quantity  of  sodium 
nitrate.  For  transportation  the  fused  caustic  is  run  into  sheet-iron  drums, 
which  are  closed  as  soon  as  cold  to  prevent  absorption  of  water  and  carbon 
dioxide. 

Caustic  soda  may  be  purified  by  solution  in  pure  alcohol  which  dissolves 
the  sodium  hydroxide,  but  not  the  carbonate.     A  still  purer  sodium  hydrox- 
ide may  be  obtained  by  the  action  of  metallic  sodium  on  distilled  water. 
There  are  a  number  of  electrolytic  processes  for  the  manufacture  of 
caustic  soda  which  are  discussed  in  Chapter  XI. 

Cryolite  Process.    The  reactions  involved  in  this  process  are  as  follows: 

3NaF,AlF3+3CaC03  =  Na3A103+3CaF2+3C02. 

The  sodium  aluminate    resulting  from  this  fusion  is  decomposed  in  an 
aqueous  solution  by  carbon  dioxide: 

2Na3A103+3C02  =  3Na2C03+ AI2O3. 
The  sodium  carbonate  formed  by  this  process  is  very  pure. 


244  INDUSTRIAL  CHEMISTRY 

Potassium  Carbonate.  The  use  of  the  salts  of  potassium  carbonate 
is  somewhat  limited.  This  has  been  especially  the  case  since  the  introduc- 
of  the  Leblanc  process  for  the  manufacture  of  sodium  carbonate.  Although 
the  carbonate  of  potassium  may  be  obtained  from  wood  ashes,  beet  sugar 
residues  and  wool  scourings,  by  far  the  largest  amount  comes  from  the 
natural  deposits  found  near  Strassfurt,  Germany.  The  deposit  cons  sts 
principally  of  potassium  chloride,  which  on  purification  may  be  converte<i 
into  the  carbonate  by  the  same  methods  as  apply  for  the  sodium  salt. 

Caustic  Potash.  This  is  made  in  the  same  manner  as  caiLstic  soila, 
but  being  very  deliquescent  is  usually  prepared  as  it  is  needed  for  use. 

Aluminium  Sulphate.  The  sulphate  of  aluminium  Al2(S04)3,  I8H2O 
is  prepared  from  clay,  bauxite  or  from  the  aluminium  oxide  obtained  in 
the  manufacture  of  soda  by  the  cryolite  process.  The  calcined  clay  is 
finely  pulverized  and  treated  with  sulphuric  acid  (sp.gr.  1.47).  The  mix- 
ture is  heated  to  start  the  reaction,  which  soon  becomes  violent.  At  the 
end  of  the  reaction  a  hard  cake  remains  (alum  cake),  which  contains  the 
silica,  iron  and  other  impurities.  From  bauxite,  it  is  prepared  by  adding 
enough  sodium  carbonate  to  the  finely  powdered  mineral  to  form  a  mixture 
containing  1.2  molecules  of  sodium  carbonate  for  every  molecule  of  alu- 
minium oxide.  The  mass,  after  fusion,  is  rapidly  lixiviated  and  the  solu- 
tion of  sodium  aluminate  thus  obtained  is  filtered,  concentrated  to  35°  Be 
and  treated  with  a  current  of  carbon  dioxide  which  precipitates  the  AI2O3 
in  a  granular  form.  This  precipitated  oxide  on  dissolving  in  sulphuric 
acid  produces  a  sulphate  which  contains  not  over  .02  per  cent  of  Fe203. 

The  aluminium  oxide  obtained  in  the  cryolite  process  when  dissolved 
in  sulphuric  acid  produces  a  very  pure  fonn  of  aluminium  sulphate. 

Alum.    Alums  have  the  general  formula  M'"2(S04)3,  ]\I'2S0424H20. 

Potash  Alum.  Potassium  aluminium  sulphate,  Al2(S04)3,  K2SO4, 
24H2O,  is  obtained  from  alumite  or  alumstone,  which  is  mostly  found  near 
Rome.  The  mineral  is  calcined  at  a  moderate  heat  (about  500°  C), 
exposed,  when  moist,  to  tlic  atmosphere  for  3  or  4  months,  and  then  lixivi- 
ated.  The  alum  obtained  by  the  evaporation  of  the  wash  waters  contains 
a  small  amount  of  basic  aluminium  sulphate  and  crystallizes  in  cul>es 
called  Roman  or  cubical  alum. 

Alum  may  be  obtained  from  alum  shists  or  slates  by  roasting  and  sub- 
sequent exposure  to  the  air.  The  iron  sulphide  present  is  oxidized  to 
sulphate  and  sulphuric  acid.  This  latter  reacts  on  the  aluminium  silicate, 
forming  sulphate  of  aluminium.  The  ferric  sulphate  formed  attacks  the 
aluminium  compounds,  producing  aluminium  sulphate  and  basic  ferric 
sulphate.  The  mass  is  washed  and  the  solution  evaporated  to  40°  B^. 
Most  of  the  iron  compounds  crj^stallize  out,  and  are  separated.  The 
proper  amount  of  potassium  sulphate  in  concentrated  solution  is  now 
added  when  the  alum  begins  to  separate.  The  crystalline  product  obtained 
still  contains  some  iron  and  must  be  purified  by  recrystallization. 

Aliun  may  be  readily  obtained  ])y  adding  the  proper  amount  of  potas- 
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Slum  sulphate  to  a  concentrated  solution  of  aluminium  sulphate  and 
allowing  it  to  crystallize  out. 

Sodium  and  Anunoniiun  Alums.  These  alums  may  be  obtained  by 
using  sodium  or  ammonium  sulphate  in  place  of  potassium  sulphate. 
These  products  all  have  nearly  the  same  chemical  and  physical  properties, 
V)eing  colorless,  soluble  salts  which  crystallize  in  octahedra. 

Aluminimn  Acetate.  This  compound  usually  is  found  on  the  market 
in  a  liquid  condition  known  a.s  '*  red  liquor."  It  may  be  prepared  either 
by  acting  upon  aluminium  hydroxide  with  acetic  acid,  or  by  double  decom- 
Ix>sition  of  aluminium  sulphate  with  calcium  acetate.  It  is  principally 
used  as  a  mordant  in  dyeing  and  printing  and  in  the  water-proofing  of 
tissues. 

Ammonia.  When  animal  matter  undergoes  decomposition,  more  or 
less  ammonia  is  produced.  It  is  also  formed  when  nitrogenous  organic 
substances  are  subjected  to  destructive  distillation.  By  means  of  the 
latter  process,  during  the  distillation  of  coal  for  the  production  of  illuminat- 
ing gas  and  coke,  most  of  the  ammonia  of  conmierce  is  produced.  To  a 
limited  extent  ammonia  is  also  obtained  from  the  distillation  of  bones 
and  other  animal  matter,  from  putrid  urine,  sugar  residues,  and  from 
waste  furnace  gas.  It  is  likewise  possible  to  obtain  ammonia  by  passhig 
air  over  a  mixture  of  barium  oxide  and  carbon  heated  to  a  white  heat, 
but  the  process  has  never  met  with  commercial  success. 

The  nitrogen  in  the  ammoniacal  liquor  of  the  gas  works  is  present 
in  the  form  of  free  ammonia,  ammonia  combined  as  carbonate,  sulphide, 
sulphyhydrate,  sulphite,  sulphocyanide  and  ferro-cyanide.  As  the  liquor 
comes  from  the  hydraulic  main,  the  scrubbers  and  condensers,  it  is 
mixed  with  a  large  amount  of  tarrj*^  matter,  which,  on  standing,  settles 
out,  leaving  a  fairly  clear  liquid  which  may  be  treated  for  its  ammonia 
content.  There  are  various  methods  employed  for  recovering  the  anunonia, 
but  the  one  in  common  use  is  that  in  which  the  Feldman's  apparatus 
is  employed :  The  settled  gas  liquor  passes  by  means  of  a  series  of  narrow 
tubes  through  a  cylindrical  chamber,  where  it  becomes  somewhat  heated 
from  the  waste  gases  passing  through  this  chamber,  which  is  known  as 
the  **  economizer."  The  heated  liquor  is  then  forced  to  the  top  of  a  tall 
tower,  where  it  meets  a  current  of  steam  which  causes  volatile  ammonia 
compounds  to  be  liberated.  The  non-volatile  compounds  flow  down  the 
tow^er  and  coming  into  contact  with  boiling  lime  water  free  ammonia  is 
produced.  The  free  and  volatile  ammonia  compounds  are  next  caused 
to  pass  through  a  large  pipe  into  the  absorption  vessel  containing  sulphuric 
acid.  Here  the  sulphides  and  other  volatile  salts  of  ammonia  are  decom- 
posed with  the  fonnation  of  ammonium  sulphate  and  the  liberation  of 
hydrogen  sulphide  and  carbon  dioxide.  These  hot  gases  thus  formed 
are  collected  in  the  dome  over  the  absorption  vessel  and  from  there  pass 
into  the  shell  of  the  economizer,  producing  the  heat  referred  to  above. 
The  waste  sludge  from  the  lime  treatment  is  drawn  off  from  time  to  time 
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and  the  liquor  in  the  absorption  vessel  concentrated  as  it  becomes  saturated, 
being  sold  as  crude  ammonium  sulphate. 

On  recrystallizing  the  crude  ammonium  sulphate  and  redistilling 
with  lime,  a  pure  gas  is  obtained  which,  being  absorbed  in  water,  fomis 
the  "  aqua  ammonia  '^  of  commerce,  or  the  ammonium  hydroxick*  of 
the  laboratory.  By  subjecting  ammonia  gas  to  high  pressure  it  h-.  pos- 
sible to  convert  it  into  a  liquid.  Liquid  ammonia  has  extensive  appli- 
cation at  present,  being  used  for  producing  cold  in  ice  machines. 

Ammonium  Chloride.  This  compound  is  manufactured  either  In' 
absorbing  the  gas  in  dilute  hydrochloric  acid,  or  by  neutralizing  the  gas 
liquor  directly  with  the  acid.  In  either  case  the  resulting  solution  is 
evaporated  to  obtain  the  crystals,  which  is  then  purified  by  recr>stal- 
lization  or  sublimation.  Ammonium  chloride  is  usually  purified,  how- 
ever, by  sublimation,  in  which  case  it  is  heated  in  iron  or  earthenware 
pots  provided  with  a  dome-shaped  cover.  The  ])urified  product  collects 
m  the  dome  as  a  thick  crystalline  cake  which  is  removed  and  placed 
on  the  market  as  sal-ammoniac.  Formerly  this  salt  was  made  by 
burning  dried  camel's  dung,  but  at  present  it  is  all  prepared  from  gas  liquor. 

Ammonium  Carbonate.  The  commercial  product  is  prepared  by 
heating  a  mixture  of  the  sulphate  of  ammonia  and  powdered  calcium 
carbonate  in  iron  retorts  and  collecting  the  sublimate  formed  in  lead- 
lined  chambers.  The  product  thus  obtained  is  a  mixture  of  ammonium 
bicarbonate  and  ammonium  carbamate. 

Ammonium  Nitrate.  This  salt  is  prepared  in  a  manner  similar  to 
that  employed  in  making  the  chloride,  except  that  it  cannot  be  purified 
by  sublimation.  Its  chief  uses  are  in  the  manufacture  of  explosives  and 
for  making  nitrous  oxide,  so-called  laughing  gas. 

Ammonium  Sulphate.  The  crude  salt  is  dark  brown  in  color  and  is 
prepared  as  described  under  ammonia.  Its  chief  use  is  as  a  ba.se  for 
making  other  ammonia  salts,  and  in  the  impure  form  for  the  manu- 
facture of  fertilizer.  When  purified  it  gives  a  white  crystalline  product 
used  for  fire-proofing  fabrics  as  well  as  for  other  purposes. 

Antimony  Fluoride.  The  compound  SbFa  is  prepared  by  dissolving 
antimony  oxide  in  hydrofluoric  acid.  This  salt  readily  forms  double 
compounds  with  alkaline  sulphates  and  chlorides.  (N  114)2804,  SbFs,  is  an 
example  of  these  double  salts  and  is  one  of  the  important  mordants.  The 
double  fluoride  of  ammonium  and  antimony  SSbFa,  2NH4F  is  a  useful 
salt.  These  compounds  are  used  as  mordants,  and  have,  to  a  great  extent, 
replaced  tartar  emetic. 

Arsenious  Oxide.  White  arsenic,  AS2O3,  is  obtained  by  roasting 
arsenical  minerals,  such  as  mispickel  FeAsS,  cobaltite  CoAsS,  smaltite 
CoAs2  and  other  minerals  containing  arsenic.  The  roasting  is  carried  on 
in  reverberatory  furnaces  with  free  access  of  air  and  the  sublimed  arsenic 
trioxide  condensed  in  suitable  chambers.  It  is  purified  by  resublimation 
and  collected  as  a  white  powder.     By  resublimation  under  pressure  it  is 
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obtained  in  a  vitreous  variety  kno\vn  as  arsenic  glass.  It  is  usually  ground 
to  a  fine  powder,  which  is  slightly  soluble  in  water.  It  is  principally  used 
as  an  antiseptic  for  preserving  hides;  it  also  finds  application  in  glass 
manufacture,  and  its  glycerine  solution  is  used  in  calico  printing. 

Arsenic  Acid.  By  oxidizing  arsenic  trioxide  with  nitric  acid  the  com- 
pound H3ASO4  is  obtained  as  a  thick  sj^rupy  liquid. 

Sodium  Arsenate.  By  fusing  together  a  mixture  of  arsenic  trioxide 
and  sodium  nitrate  the  compound  Na2HAs04  is  obtained. 

Chrome  Alimi.  The  compound  Cr2  (804)3,  K2SO4,  24H2O  is  obtained 
as  a  bj'product  in  many  operations  where  a  mixture  of  potassium  dichro- 
mate  and  sulphuric  acid  is  used  as  an  oxidizing  agent.  It  is  used  as  a 
mordant,  and  in  certain  chrome  tannages. 

Chromiimi  Acetate.  This  compound  comes  to  the  market  as  a  neutral 
and  basic  salt.  It  may  be  prepared  by  the  same  process  as  described  for 
aluminium  acetate,  or  it  may  be  prepared  from  sodiiun  dichromate  and 
acetic  acid  in  the  prcr^ence  of  a  reducing  agent. 

Potassium  Dichromate.  The  material  which  is  used  to  furnish  the 
chromium  is  chrome  iron  ore  or  chromite.  The  ore  is  finely  pulverized 
and  mixed  with  lime  and  sodimn  carbonate.  A  small  amount  of  calcium 
carbonate  is  usuallv  added  as  the  carbon  dioxide  liberated  renders  the  mass 
porous.  This  mixture  is  heated  in  a  reverberatory  furnace  in  the  presence 
of  a  strong  current  of  air.  At  the  end  of  the  reaction  the  mass  consists  of 
a  mixture  of  calcium  chromate,  sodium  carbonate  and  ferric  oxide,  which, 
being  lixiviated,  yields  sodium  chromate  and  insoluble  calcium  carbonate 
and  ferric  oxide.  The  solution  is  now  neutralized  with  sulphuric  acid, 
which  precipitates  the  alumina  and  silica.  It  is  then  filtered  and  evapo- 
rated. When  the  concentration  reaches  a  specific  gravity  of  56°  B^,  the 
requisite  amount  of  sulphuric  acid  is  added  and  the  chromate  is  converted 
to  dichromate: 

2Xa2Cr04+H2t^04  =  Na2S04+Na2Cr207+H20. 

Most  of  the  sodium  sulphate  is  precipitated  by  this  treatment,  and 
may  be  separated  by  filtration.  The  solution  is  then  concentrated  to 
60°  B^,  when  more  sodium  sulphate  separates,  and  on  allowing  it  to  stand 
the  sodium  dichromate  crystallizes.  From  this  sodium  dichromate  the 
potassiiun  salt  is  obtained  by  double  decomposition.  *  The  workmen  must 
avoid  breathing  the  dust  or  vapor  containing  chromates,  as  they  attack  the 
cartilages  of  the  nose  and  throat. 

The  residue  of  chromium  oxide  from  alizarine  manufacture  is  utilized 
in  preparing  dichromate.  It  is  mixed  with  lime  and  moulded  into  bricks, 
which  are  subsequently  calcined  in  a  current  of  air.  In  this  treatment 
calcium  chromate  is  fonned,  which  may  be  converted  into  the  potassium 
salt  by  treatment  with  potassium  carbonate. 

Potassium  dichromate  forms  large  orange-colored  crystals,  melting  at 
400°  C.  and  decomposing  at  a  red  heat  into  Cr203  and  K2Cr04.     It  is  used 
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in  making  chrome  yellow,  Guignet's  green,  as  a  discharge,  in  bleaching  oils 
and  fats,  in  chrome  tannage  and  as  an  oxidizing  agent. 

Sodium  Dichromate.  The  manufacture  of  this  compound  has  l>een 
given  above.  On  account  of  its  cheapness  it  has  to  a  large  extent  replaced 
potassium  dichromate.  It  is  very  deliquescent,  but  if  dried  at  200°  C.  it 
loses  water  of  crystallization  and  becomes  anhydrous,  in  which  condition  it 
is  no  longer  deUquescent.  It  is  more  soluble  than  the  potassium  salt  and 
is  used  for  the  same  purposes. 

Copper  Sulphate.  This  compound  is  also  known  as  blue  vitriol  and 
as  bluestone.  It  is  obtained  as  a  byproduct  in  the  parting  of  gold  and 
silver  by  the  action  of  boiling  concentrated  sulphuric  acid,  the  silver  lx?ing 
dissolved  as  sulphate.  The  metallic  silver  is  recovered  by  precipitating  it 
with  metallic  copper.  Chopper  sulphate  may  be  produced  by  treating 
scrap  copper  with  a  spray  of  dilute  sulphuric  acid  in  the  presence  of  air. 
Scrap  copper  mixed  with  sulphur  and  heated  to  a  dull  red  heat  yields  cop- 
per sulphide.  This  compound  heated  in  the  air  is  converted  into  sulphate 
and  oxide: 

Cu2S+05  =  CuS04+CuO. 

The  copper  oxide  treated  with  warm  sul])huric  acid  dissolves,  forming  more 
copper  sulphate.  By  the  oxidation  of  some  of  the  natural  sulphides  of 
copper  a  mixture  of  sulphate  of  copper  and  sulphate  of  iron  is  obtained. 
Tliese  sulphates,  being  isomorphous,  cannot  l>e  separated  by  crystallization, 
but  by  oxidation  of  the  ferrous  to  the  ferric  sulphate  a  mixture  is  produced 
which  may  be  separated  by  crystallization. 

Copper  sulphate  forms  blue  crystals,  which  are  soluble  in  water. 
Heated  to  240°  C.  it  loses  its  water  of  crystallization  and  becon^^s  a  white 
anhydrous  powder  with  a  very  strong  affinity  for  water.  Rlue  vitriol  is 
used  as  a  mordant,  in  the  preparation  of  insecticides  and  in  germicides,  in 
electrolytic  operations  and  for  many  other  purposes. 

Ferrous  Sulphate.  This  compound,  also  known  as  copperas  and  as 
green  vitriol,  is  obtained  as  a  byproduct  in  the  manufacture  of  cement 
copper.  In  this  process  the  copper  is  precipitated  from  a  solution  of  its 
sulphate  by  means  of  iron.  The  ferrous  sulphide,  obtained  from  the  dis- 
tillation of  pyrites  in  the  process  of  extracting  sulphur  therefrom,  may  Ih» 
allowed  to  weather  in  the  presence  of  moisture,  by  which  means  both  fer- 
rous and  ferric  sulphates  are  formed.  To  the  mixed  sulj^hates,  scrap  iron 
and  sulphuric  acid  are  added,  which  reduces  iron  from  the  ferric  to  the 
ferrous  condition.  A  large  amount  of  ferrous  sulphate  is  obtained  from 
the  pickle  used  in  cleaning  iron  castings. 

The  solution  of  ferrous  sulphate*  obtained  by  any  of  the  above  methods 
Ls  concentrated  by  application  of  heat  to  the  surface  or  the  liquid  which 
thus  prevents  oxidation.  The  concentrated  solution  is  allowe<^l  to  crystal- 
lize on  wooden  rods.  The  crystals  of  ferrous  sulphate  effloresce  in  the  air 
and  become  more  or  less  oxidized,  basic  ferric  sulphate  being  formeiL     It 
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is  soluble  in  about  1}  parts  of  water.  Ferrous  sulphate  finds  its  most 
important  use  as  a  mordant,  as  a  disinfectant,  in  the  manufacture  of  ink, 
Prussian  blue,  and  red  oxide. 

Ferric  Sulphate.  This  may  be  prepared  by  the  weathering  of  pyrites 
in  the  presence  of  sulphuric  acid.  It  may  also  be  made  by  adding  sulphuric 
acid  and  nitric  acid  to  a  solution  of  ferrous  sulphate.  Its  principal  use  is  as 
a  sewage  precipitant. 

Ferric  Nitrate.  Bj'^  treating  scrap  iron  with  an  excess  of  nitric  acid 
(sp.gr.  1.3)  and  evaporating  the  solution,  colorless  crystals  are  obtained. 
Bj-  adding  ferric  hydroxide  to  this  solution  a  basic  nitrate  is  obtained. 
This  basic  nitrate  is  used  in  silk  dyeing  and  weighting  and  for  coloring  buff 
on  cotton.  The  usual  form  of  ^*  nitrate  of  iron  "  consists  of  basic  sul- 
phate of  iron  containing  oxides  of  nitrogen.     It  is  used  in  silk  dyeing. 

Ferrous  Acetate.  This  is  prepared  by  adding  lead  or  calcium  acetate  to 
a  solution  of  ferrous  sulphate.  An  impure  product,  known  as  *'  black  iron  " 
or  *'  iron  liquor,"  is  made  by  adding  scrap  iron  to  crude  pyroligneous  acid. 
Its  principal  use  is  as  a  mordant  in  leather  dyeing  and  in  calico  printing. 

Magnesium  Sulphate.  Epsom  salts  is  found  in  many  mineral  springs, 
but  the  most  important  source  is  Kieserite  (MgS()4,  H2O),  which  is  quite 
insoluble  in  water,  but  on  standing  in  contact  with  water  for  some  time  it 
undergoes  solution,  becoming  MgS04,  7H2O.  It  is  also  prepared  from 
Kainite  (K2SO4,  MgS04,  MgC!l2,  6H2O),  and  is  easily  obtained  by  action  of 
sulphuric  acid  on  the  natural  carbonate,  magnesite.  It  is  a  colorless 
cr\'stalline  salt,  readily  soluble  in  water  and  efflorescent  in  dry  air.  It 
loses  all  of  its  water  of  crj^stallization  at  about  230°  C. 

Silver  Nitrate.  By  dissolving  pure  silver  in  dilute  nitric  acid  silver 
nitrate  is  obtained.  If  a  copper-silver  alio}-  is  used,  the  copper  may  be 
eliminated  by  evaporating  to  drjTiess  and  heating  the  dry  mass  to  a  tem- 
perature of  250°  C.  The  copper  nitrate  is  decomposed,  yielding  copper 
oxide,  and  as  the  silver  nitrate  is  not  affected,  it  may  be  dissolved  in  water 
and  the  solution  evaporated  to  crystallization.  It  is  a  colorless  salt, 
soluble  in  water,  melts  at  225°  C.  and  decomposes  at  dull  red  heat.  It  is 
ust»d  as  a  cautery,  in  photography,  in  the  preparation  of  indelible  ink  and 
for  silvering  the  back  of  mirrors. 

Lead  Nitrate.  By  dissolving  litharge  in  dilute  nitric  acid  and  evapo- 
rating to  a  small  volume  colorless  crystals  of  lead  nitrate  are  produced. 
By  treating  with  an  excess  of  litharge  the  basic  nitrate  is  formed. 

Stannous  Chloride.  The  hydrated  salt,  SnCl22H20,  is  prepared  by 
the  solution  of  the  metal  in  concentrated  hydrochloric  acid,  aided  by  mod- 
erate heat.  The  addition  of  a  little  nitric  acid  facilitates  the  reaction. 
The  solution  is  concentrated  by  evaporation,  cooled  and  allowed  to  crystal- 
lize. When  dissolved  in  water  it  undergoes  partial  decomposition  with  the 
formation  of  an  insoluble  oxychloride.  It  is  a  valuable  mordant  and  is 
used  as  a  weighting  material  for  silk,  and  in  calico  printing. 

Stannic   Chloride.     The   hydrated   compound   is   ol)tained   from   the 
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mother  liquor  of  stannous  chloride  by  the  progressive  addition  of  nitric 
acid;  the  resulting  liquid  is  concentrated  and  the  stannic  chloride  allowed 
to  crystallize.  The  penta  hydrate,  SnCU,  5H2O,  may  be  prepared  by 
passing  chlorine  through  the  mother  liquor  from  stannous  chloride.  Its 
principal  use  is  that  of  a  mordant. 

Sodium  Stannate.  The  salt,  Na2Sn03,  3H2O,  may  be  obtained  by 
fusing  sodium  hydroxide  and  metastannic  acid  together,  or  by  boiling  tin 
scrap  with  sodium  plumbite.  It  is  known  as  preparing  salt,  and  is  used  as 
a  mordant.  Solutions  of  tin  in  sulphuric  acid  and  oxalic  acid  are  known  in 
the  trade  as  tin  spirits,  and  used  for  mordanting. 

Zinc  Sulphate.  White  vitriol,  ZnS04,  7H2O,  is  prepared  by  dissolving 
scrap  zinc  in  dilute  sulphuric  acid.  Upon  evaporation  a  white  crystalline 
product  separates.  It  is  used  to  some  extent  in  calico  printing  and 
in  dyeing,  as  a  drier  for  linseed  oil,  as  a  disinfectant,  and  as  an 
astringent. 

Potassium  Ferrocyanide.  The  oldest  method  of  manufacture  consists 
in  heating  a  mixture  of  scrap  iron  with  organic  compounds  containing 
nitrogen,  such  as  horns,  hoofs,  hides,  dried  blood  and  potassium  carbonate. 
The  modern  method  is  to  fuse  potassium  carbonate  in  iron  crucibles  and 
add  in  small  portions  the  nitrogenous  material.  The  action  is  very  violent, 
and  must  be  conducted  with  care.  After  the  reaction  is  completed  the 
fused  mass  is  lixiviated  to  separate  the  ferrocyanide  from  the  carbonaceous 
matter.  The  solution  is  evaporated  to  a  sp.  gr.  of  1.27,  when  the  ferrocya- 
nide crystallizes  out.  As  the  first  product  is  very  crude,  it  must  be  sub- 
jected to  recrystallization. 

Cyanamide.  On  heating  lime  and  carbon  in  an  electric  furnace  in 
the  presence  of  nitrogen  calcium  cyanamide  is  formed: 

CaO+2C+2N  =  CaCN2+CO. 

In  the  process  of  lixiviation  the  cyanamide  is  converted  into  dicyanamide: 

2CaCX2+4H20  =  2Ca(OH)2+(CNNH2)2, 
which  yields  oxamide  when  fused  with  potassium  or  sodium  carbonate.. 

(CNNH2)2+Na2C03+2C  =  2NaCN+NH3+H+3CO+N. 

The  ammonia  formed  is  recovered.  Ortlieb  and  Muller  utilize  the  residues 
of  sugar  extraction.  The  calcination  of  the  vinasses  in  beet  sugar  manu- 
facture yield  amines  which  by  high  heat  are  converted  into  ammonium 
cyanide,  hydrocyanic  acid,  hydrogen  and  carbon.  The  products  of  the 
calcination  are  passed  through  a  cylinder  heated  to  redness,  then  through  a 
solution  of  sulphuric  acid  to  absorb  the  ammonia,  and  finally  through  a 
solution  of  caustic  potash  to  absorb  the  hydrocyanic  acid.  Cyanides  may 
also  be  prepared  from  the  hydrated  ferric  oxide  used  in  the  purification  of 
illuminating  gas. 
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Potassium  Ferricyamde«  This  is  prepared  by  acting  upon  the  ferro- 
oyanide  with  a  current  of  chlorine: 

K4Fe(CX)6+Cl  =  KCl+K3Fe(CN)6. 

Potassium  Cyanide.  By  fusing  potassium  ferrocyanide  with  potas- 
sium carbonate  a  change  takes  place  resulting  in  the  formation  of  potas- 
sium cyanide  and  potassium  cyanate;  the  latter  being  mostly  eliminated 
by  the  addition  of  carbon  during  the  reaction. 

Boric  Acid.  This  compound,  also  known  as  boracic  acid,  is  found  in 
the  steam  which  issues  from  fissures  in  the  earth  in  the  vicinity  of  vol- 
canoes. The  steam  is  condensed  in  reservoirs  of  water  built  around  the 
points  from  which  it  issues.  When  the  wat<?r  has  become  fairly  well 
saturate  it  is  allowed  to  settle  and  then  transferred  to  lead-lined  tanks, 
where  it  is  concentrated  to  a  specific  gravity  of  LOS.  The  boric  acid 
which  crystallizes  is  usually  purified  by  recrystallization.  Some  boric 
acid  is  obtained  by  decomposition  of  borax  with  hydrochloric  acid.  It  is  a 
colorless  crystalline  solid,  slightly  soluble  in  cold  water,  but  readily 
solublein  hot  water.  It  is  used  as  a  flux,  in  the  manufacture  of  borax, 
in  fusible  glazes,  in  special  optical  glass,  and  as  an  antiseptic  and 
preserv^ative. 

Borax.  Sodium  tetraborate  may  be  prepared  by  neutralizing  boric 
acid  with  sodium  carbonate.  The  chief  source  of  borax,  however,  is  from 
the  natural  deposits  of  Thibet,  and  from  the  crude  borax  of  California. 
Crude  borax  is  purified  by  slow  recrystallization.  The  most  common  form 
is  the  prismatic  Na2B407,  IOH2O,  which  effloresces  in  the  air  and  melts  in 
its  water  of  crystallization,  becoming  anhydrous  at  a  red  heat.  Borax  is 
used  as  a  flux,  in  glass  and  enamel  making,  in  them  anufacture  of  soap 
and  as  a  preservative. 

Phosphorus.  Tribasic  calcium  phosphate  Ca3(P04)2  in  the  form  of 
bone,  bone  ash  and  mineral  phosphate  is  the  source  from  which  phosphorus 
is  manufactured.  The  finely  ground  material  is  treated  with  sulphuric 
acid  (sp.gr.  1.52)  in  lead-lined  tanks.  This  converts  the  tricalcium  phos- 
phate into  monocaJcium  phosphate.  The  clear  solution  is  drawn  off  and 
the  precipitate  thoroughly  washed  with  hot  water.  The  solution  and 
washings  are  evaporated  in  leaden  pans  to  45°  Be,  about  25  per  cent  of 
coke  or  charcoal  added  and  the  pasty  mass  dried  in  iron  pans.  The  dry 
mixture  is  then  subjected  to  distillation  in  fireclay  retorts,  usually  placed 
in  two  tiers.  At  the  start  of  the  operation  the  monocalcium  phosphate 
is  changed  to  the  metaphosphate,  which  in  the  presence  of  carbon  forms 
tricalcium  phosphate,  phosphorus  and  carbon  monoxide.  The  neck  of 
the  retort  is  passed  into  a  condenser  containing  water,  under  which  the 
phosphorus  collects.  By  this  method  about  two-thirds  of  the  phosphorus 
in  the  phosphate  is  set  free. 

Electrical  processes  are  taking  the  place  of  the  older  methods  for  the 
manufacture  of  phosphorus.     A  charge  of  the  mineral  phosphate,  coke 
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and  sand  is  licacod  in  an  electric  furnaro  and  rrsuics  ju  a  >ield  of  alxiut 
80  per  cent. 

Th(»  f Tilde  phosphorus  is  purified  by  filtration  through  porous  tile, 
chamois  skin,  or  canvas;  this  operation  being  carried  on  under  warm  wat<*r, 
which  keeps  the  phosphorus  liquid.  It  may  also  be  purified  by  melting 
under  a  warm  solution  of  potsussium  dichromate  and  sulphuric  acid.  In 
Cicrmany  it  is  usually  purified  by  redistillation  in  iron  retorts. 

Ordinary  phosphorus  is  a  yellow,  wax-like  solid,  which  melts  at  44**  C, 
has  a  specific  gravity  of  1.82,  and  distills  at  269°  C  It  appears  on  the 
market  in  the  form  of  sticks;  which,  being  highly  inflammable,  have  to 
be  kept  under  water. 

Red  Phosphorus.  The  amorphous  form  is  prepared  by  heating  ordi- 
nary' pliosphorus  in  closed  iron  pots  to  a  temperature  of  250°  C  for  several 
days,  as  there  always  remains  some  unchanged  phosphorus  which  must 
be  removed  by  treating  the  mass  with  boiling  caustic  soda  or  carbon  disul- 
phide.  Thus  obtained  it  is  a  reddish-brown  substance,  which  only  inflames 
in  the  air  when  heated  to  about  260°  C.  It  is  insoluble  in  water,  carbon 
disulphide  and,  unlike  ordinary  phosphorus,  is  not  poisonous. 

Ordinary  phosphorus  is  used  in  making  matches  and  phosphor  bronze; 
while  the  red  variety  is  used  in  the  manufacture  of  safety  matches. 

Phosphoric  Acid.  This  acid  is  prepared  from  bone  ash  or  mineral 
phosphate  by  the  action  of  sulphuric  acid.  The  filtered  solution  is  con- 
centrated to  a  syrup3'  consistency,  which  contains  about  85  per  cent  of 
H3PO4.  If  further  heated  it  loses  one  molecule  of  water  and  becomes 
metaphosphoric  acid,  which  is  called  glacial  phosphoric  acid. 

Water  Glass.  Soluble  glass  or  water  glass  consists  of  soluble  silicates 
of  sodium  or  potassium  or  a  mixture  of  the  two.  It  usually  comes  on  the 
market  as  a  thick  s^Tupy  li(iuid.  In  its  manufacture  a  mixture  of  sand, 
charcoal  and  soda  is  heated  together  in  a  reverberatory  furnace  for  eight 
to  ten  hours.  The  glass-like  mass  is  broken  up  and  boiled  with  wat<?r. 
The  solution  obtained  is  filtered  and  concentrated  to  the  proper  consLst- 
enc}'. 

Water  glass  is  used  to  render  tissues  non-inflammable,  to  protect  wood 
and  porous  stone,  as  an  addition  to  cheap  soaps,  to  fix  pigments  on  calico, 
in  the  manufacture  of  artificial  stone,  as  a  fixative  in  mural  paintings,  also 
as  a  cement  for  glass  and  pottery. 

Oxygen.  Only  a  few  of  the  methods  devised  for  the  industrial  prepara- 
tion of  oxygen  have  proved  of  practical  and  of  economic  value. 

Boussingault-Brin  Bros.  Process.  In  the  original  process  barium 
oxide  is  heated  to  a  dull  redness  in  a  current  of  air,  which  has  been  freed 
from  carbon  dioxide.  At  this  temperature  it  absorbs  oxygen  and  becomes 
barium  peroxide.  When  the  reaction  is  completed  the  heat  is  raised  to 
bright  redness  when  it  is  dissociated  into  barium  oxide  and  oxygen.  The 
])arium  oxide  can  be  used  again  and  the  process  would  be  continuous  if  the 
barium  oxide  did  not  ])econie  glassy  and  hydrated.     For  this  reason  the 
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proc(»ss  is  not  practical,  as  the  reaction  cannot  be  repeated  successfully 
more  than  ten  or  twelve  times. 

( Jonclolo  proposed  the  intimate  mixing  of  lime  or  magnesia  with  the 
barium  oxide.  This  prevents,  to  a  certain  extent,  the  production  of 
hydrate,  so  that  the  operation  may  be  repeated  125  times. 

The  modification  introduced  by  the  Brin  Brothers  consists  in  heating 
the  barium  oxide  to  a  dull  redness  in  retorts  into  which  pure  air  is  forced 
under  a  pressure  of  about  15  lbs.  to  the  square  inch.  When  the  barium 
oxide  has  been  converted  to  the  peroxide  the  pressure  pump  is  reversed 
and  a  vacuum  of  about  27  ias.  produced,  the  temperature  remaining  the 
same.  Under  these  conditions  one  atom  of  oxygen  is  evolved  from  the 
barium  peroxide.  The  operation  is  a  continuous  one,  except  that  the 
barium  oxide  must  be  revivified  every  six  months. 

Thessie  du  Motay-Marechal  Process.  In  this  process  a  mixture  of 
manganese  dioxide  and  caustic  soda  is  heated  in  a  current  of  dry  air  to  dull 
redness,  sodium  manganate  being  formed.  The  properly  granulated  mass 
is  now  heated  to  450°  C.  in  a  current  of  steam,  when  the  following  reaction 
takes  place: 

Na2Mn04+H20  =  2NaOH+Mn02+0. 

To  secure  regularity  in  the  reaction  a  small  amount  of  cuprous  oxide 
may  b(»  added  to  the  mixture.  As  manganese  dioxide  and  sodium 
h3'droxide  are  regenerated  in  the  second  reaction  the  process  is  a  con- 
tinuous one. 

Oxygen  from  Liquid  Air.  The  machines  for  the  production  of  liquid 
air  have  been  f)erfected  so  that  its  production  has  become  very  economical. 
If  liciuid  air  is  allowed  to  (evaporate  the  nitrogen  passes  off  more  readily 
than  the  oxygen.  By  use  of  doubled-walled  vacuum  vessels  the  evapora- 
tion takes  place  so  slowly  that  most  of  the  nitrogen  escapes,  leaving  fairly 
pure  oxj'gen.  By  this  method  oxygen  gas  containing  about  10  per  cent  of 
nitrogen  may  be  obtained. 

Oxygen  is  used  in  the  oxy-hydrogen  blow  pipe,  in  the  manufacture  of 
blown  oils,  in  the  aging  of  liquors,  in  refining  of  glass,  in  medicine  and  in 
the  oxy-aeetylene  welding  process. 

Ozone.  This  gas  is  produced  on  a  fairly  large  scale  for  bleaching  pur- 
poses by  passing  air  through  an  electrical  machine  which  is  provided  with 
a  series  of  vacuum  tubes,  such  as  used  for  X-ray  production. 

Alkaline  Peroxides.  By  heattng  100  parts  of  alkali  with  70  to  90  parts 
of  lime  or  magnesia  to  a  temperature  of  bright  redness  an  alkaline  oxide-  is 
formed.  The  alkaline  oxide,  heated  in  a  current  of  dry  air  at  a  tempera- 
ture of  about  500°  C,  is  converted  into  the  peroxide.  The  pulverized  mass 
is  slowly  added  to  water  and  after  the  elimination  of  the  lime  or  magnesia 
yields  a  solution  which  can  be  used  for  bleaching.  By  the  addition  of 
soluble  salts  of  calcium,  barium  or  strontium  to  this  solution  the  peroxides 
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of  the  alkaline  earths  are  precipitated.  The  alkaline  peroxides  may  also 
be  prepared  by  exposing  the  fused  metal  at  a  temperature  of  300°  (\  to  a 
current  of  purified,  dry  air. 

Hydrogen  Peroxide.  This  is  prepared  by  the  action  of  dilute  acids  on 
barium  peroxide.  A  mixture  of  the  peroxide  and  water  of  the  consistency 
of  a  cream  is  prepared;  this  is  added  slowly  to  cold  dilute  phosphoric  acid, 
the  temperature  of  which  should  not  rise  over  15"^  C.  After  the  proper 
amount  has  been  added  the  precipitate  of  barium  phosphate  is  allowed  to 
settle  and  the  clear  liquid  decanted.  It  is  best  to  have  the  acid  in  slight 
excess,  as  the  solution  is  less  liable  to  decompose. 

Peroxides  are  strong  oxidizing  agents.  Hydrogen  peroxide,  however, 
acts  as  a  reducing  agent  in  the  presence  of  certain  oxidizing  substances, 
in  which  the  oxygen  is  closely  linked.  It  is  used  in  the  bleaching  of  silk, 
wool,  hair,  feathers  and  ivory.  It  is  a  powerful  antiseptic  and  is  used 
in  surgery  and  to  prevent  processes  of  fermentation. 

Fixation  of  Nitrogen.  By  passing  an  electric  spark  through  air  it  is 
possible  to  combine  the  nitrogen  and  oxygen  present.  This  is  being  carried 
on  commercially  by  the  Badische  Aniline-  und  Soda-fabrik  Company,  and 
consists  in  passing  the  air,  with  a  rotary  motion,  over  a  series  of  high 
intensity  alternating-arcs  contained  in  a  small  iron  tube.  The  gases  pro- 
duced are  absorbed  by  lime  water,  thus  giving  a  mixture  of  calcium  nitrite 
and  nitrate.  The  product  after  evaporation  is  brought  to  the  market  as 
Air  Salt-peter. 

Carbon  Disulphide.  This  compound  is  prepared  ])v  passing  the  vapor 
of  sulphur  over  highly  heated  charcoal.  Vertical  iron  or  clay  retorts  are 
usually  employed,  and  the  sulphur  introduced  through  a  tube  on  the  side. 
The  uncombined  sulphur  is  collected  in  a  special  receiver,  while  the 
carbon  disulphide  passes  on  and  is  condensed.  The  product  thus  obtained 
is  ver}'  impure,  and  must  be  purified  by  treating  with  lead  acetate,  then 
with  lime  water  and  finally  by  redistilling.  When  pure,  carbon  disulphide 
is  a  nearly  colorless  mobile  liquid,  with  only  a  slight  odor.  The  commercial 
article,  however,  has  a  very  disagreeable  odor,  due  to  the  presence  of 
sulphur  compounds.  It  is  heavier  than  water,  boils  at  46.5°  C,  and  its 
vapor  inflames  at  149.5°  C.  It  is  a  good  solvent  for  sulphur,  phosphorus, 
resins,  waxes  and  fats.  It  is  also  used,  to  some  extent,  as  a  germicide 
and  insecticide. 

Carbon  Tetrachloride.  This  compound  is  made  by  passing  the  vapor 
of  carbon  disulphide  and  dry  chlorine  through  a  heated  earthenware 
tube;  or  it  may  be  prepared  by  passing  chlorine  over  liquid  carbon 
disulphide  in  which  a  little  iodine  has  been  dissolved.  Sulphur  mono- 
chloride  is  formed  at  the  same  time  and  is  removed  from  the  carbon  tetra- 
chloride with  milk  of  lime  and  potash,  and  then  distilled.  Carbon 
tetrachloride  is  a  non-inflammable  heav}''  liquid,  having  a  specific  gravity 
of  1.637  and  a  boiling-point  of  76.5°  C.  It  is  a  good  solvent  for  gums 
and  resins  and  is  also  largely  used  in  cleaning  solutions. 
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Sulphur  Monochloride.  To  prepare  this  compound  a  current  of 
chlorine  is  pa&sed  over  melted  sulphur, 
which  is  heated  to  about  130^  C.  Chloride 
of  sulphur  mixed  with  sulphur,  distills 
over  and  is  purified  by  redistillation. 
It  is  a  somewhat  oily  liquid  of  a  yellow- 
ish-bro^Ti  color,  having  a  suffocating 
odor  and  boiling  at  144°  C.  When 
l>rouglit  in  contact  with  water  it  decom- 
poses \\'ith  the  formation  of  hydrochloric 
acid,  sulphur,  sulphurous  acid  and  a 
small  amount  of  sulphuric  acid.  Its 
chief  use  is  in  the  vulcanization  of  rubber 
and  in  the  manufacture  of  rubber  sub- 
stitutes. 

Acetone.  Acetone  occurs  in  the  liquid 
obtained  from  the  destructive  distillation 
of  wood.  It  is  usuallv  made,  however, 
by  the  drj'  distillation  of  gray  lime 
(crude  acetate  of  calcium)  at  a  temper- 
atiue  of  290-350°  C.  In  the  Squibb 
process  the  vapor  of  acetic  acid  is 
passed  over  porous  bar}'ta  heated  to  a 
temperature  of  350°  to  400°  C.  The 
product  of  the  reaction  is  passed  into  a 
fractional  condensing  apparatus  which 
removes  water  and  undecomposed  acetic 
acid.  Acetone  is  a  colorless  liquid  having 
an  ethereal  odor  and  boiling  at  56°  C. 
It  is  soluble  in  water,  alcohol  and  ether. 
It  is  used  as  a  solvent  for  gums  and  resins, 
and  in  the  manufacture  of  chloroform, 
icKloform  and  sulphonol. 

Matches.  The  first  chemical  matches 
were  introduced  in  1807  and  known  as 
"chemical  tinder."  They  were  made  by 
saturating  a  portion  of  the  splint  in 
melted  sulphur,  provided  with  a  head 
having  a  mixture  of  potassium  chlorate 
and  sugar.  To  light  the  match  it  was 
brought  in  contact  with  sulphuric  acid, 
which  caused  a  rapid  decomposition  of  the 
chlorate  causing  the  sulphur  and  sugar  to  ^  z 

bum.     From  this  primitive,  yet  scientific  ^ 

discovery,  the  modem  friction  and  safety  matches  have  been  evolved. 
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Double  Dip  Friction  Match.  ^     Perfectly  dry  white  pine  blocks  are  \ 

cut  into  2f-inch  lengths.     These  blocks  are  then  fed  into   the  cutting  j 

machine  -  (Fig.  157)  so  that  the  grain  stands  in  a  vertical  position  to 
the  knife,  which  is  attached  to  a  plunger  and  cuts  forty  match  .^plint.s  at 
a  single  stroke.  The  splints  are  automatically  forced  into  the  openinp^s 
of  perforated  iron  plates  which  are  conveyed,  by  an  endless  chain,  over 
a  series  cf  heaters  so  as  to  completely  dry  them.  Adjoining  the  heater 
is  a  spring  arrangement  which  forces  out  any  thin  or  poor  splints.  The 
plates,  now  carrying  only  perfect  match  sticks,  pass  over  the  trough 
containing  paraffin  in  such  a  manner  that  J  of  the  stick  becomes  impreg- 
nated. They  next  pass  over  the  composition  rollers,  where  a  small  amount 
of  the  composition  is  deposited  on  the  end  of  each  splint.  The  composition 
of  the  first  dip  consists  of  potassium  chlorate,  glue,  flint  and  filler  (such 
as  clay  for  body).  In  order  that  the  first  dip  may  have  time  to  dry  the 
plates  are  made  to  travel  up  and  down  through  a  series  of  wheels  and  are 
then  given  a  second  dip  on  a  machine  similar  to  the  first.  The  composi- 
tion of  the  second  dip  consists  largely  of  phosphorus,  chlorate  of  pota.»^h, 
glue  and  filler.  The  finished  match  is  now  carried  back  to  where  it  "wbs 
cut,  punched  out  into  troughs  and  carried  to  the  packers.  The  plate  is 
refilled  and  the  journey  repeated.  The  advantage  of  the  double  dip 
match  over  the  other  forms  is  that  the  danger  of  flying  off  of  the  head 
is  eliminated.  The  tip  or  second  dip  ignites  on  friction,  the  heat  produced 
being  sufficient  to  ignite  the  first  dip,  both  of  which  bum  quietlj'. 

The  machine  used  for  double  dip  matches  is  96  feet  long,  contains 
16(X)  plates,  takes  one  hour  for  the  complete  operation  and  makes  8,000,000 
matches  in  10  hours. 

Single  Dip  Matches.  The  manufacture  of  matches  by  this  process  is 
the  same  as  that  above  except  that  it  is  simpler,  as  only  one  dip  is  made. 
The  composition  of  these  matches  consists  of  glue,  potassium  chlorate, 
phosphorus,  flint  and  filler.. 

Safety  Matches.  These  are  made  in  a  manner  similar  to  friction 
matches,  except  that  the  phosphorus  is  not  present  on  the  head  of  the 
match.  In  order  to  ignite  to  match  it  must  be  rubbed  over  a  surface 
coated  with  phosphorus,  which  thus  acts  in  a  manner  similar  to  the 
second  dip  on  a  friction  match. 

^  D.  A.  Young,  Ohio  Match  Company,  Wadsvvorth,  Ohio. 
2  J.  R.  M.  Kiotz,  Barrett  Mfg.  Co.,  Philadelphia,  Pa. 


XI 
CHLORINE  AND  ALLIED   PRODUCTS 

\V.  F.  DOERFLIXGER 
Consulting  Chemist,  Xew  York  City 

Saw  Materials.  The  primary'  raw  materials  of  the  chlorine  industries 
are  the  alkali  chlorides,  common  salt  (chloride  of  sodium)  and  potassium 
chloride.  Common  salt,  of  high  purity,  is  everywhere  available  at  moderate 
cost,  the  most  objectionable  impurity  being  calcium  sulphate.  The  cost 
of  salt  is  about  $4  per  ton,  f.o.b.  works,  but  at  the  salt  mines  or  brine  w^ells 
it  is  much  less.  Potassium  chloride  occurs  in  commercial  quantities  onl}^  at 
the  Stassfurth  deposits  in  Germany.  It  is  not  usually  as  pure  a-s  common 
salt  and  contains  considerable  amounts  of  sodium  and  magnesium  salts. 
Much  potassium  chloride  is  treated  electrolytically  in  Germany  for  the  pro- 
duction of  caustic  potash,  the  chlorine  being  delivered  from  the  cells 
practically  free  of  charge  to  the  manufacturer,  since  the  value  of  the  caustic 
potash  is  sufficient  to  cover  all  the  manufacturing  costs  and  still  leave  a 
profit.  This  cheap  chlorine  is  largely  responsible  for  the  rapid  rise  in  the 
manufacture  of  bleaching  powder  and  chlorine  products  in  Germany. 

A  secondary  raw  material  is  hydrochloric  acid,  produced  by  the  action 
of  sulphuric  acid  upon  common  salt.  It  was  formerly  almost  a  waste 
product  of  the  Leblanc  process  for  manufacturing  sodium  carbonate,  and 
is  still  available  in  England  in  enormous  quantities  at  a  verv  low  price. 

Sodium  chloride  is  a  very  strong  compound.  Its  heat  of  formation  in 
the  solid  state  is  97.7  cals.  (kilogram  calories)  per  gram  equivalent  (58.5 
grams.) : 

NaCl+97.7  Cals.  =  Na.+Cl. 

In  liberating  the  chlorine  this  energy  must  be  supplied,  in  the  form  of  heat, 
by  electricity  or  by  the  chemical  energy  generated  l^y  the  formation  of 
other  compounds  of  sodium.  In  hydrochloric  acid  (heat  of  formation  as 
gas+22  cals.  in  aqueous  solutions+38.0  cals.)  the  chlorine  is  not  so  ix>wer- 
fully  bound  and  less  energy  or  power  is  necessary  for  its  liberation. 

The  manufacture  of  caustic  soda  and  chlorine  directly  from  common 
salt  has  been  accomplished  only  electrolytically.  Theoretically  the  sim- 
plest process  is  the  electrolysis  of  fused  salt  and  conversion  of  the  soilium 
produced  to  sodiiun  hydroxide  by  reaction  with  water. 
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One  gram  equivalent  of  solid  sodium  eliloride  requires  for  decomposition 
into  sodium  and  chlorine  97.7  cals.  This  is  equivalent  in  electrical  energy- 
407,084  joules  (joules  =  amperes X seconds X volts)  1  joule  =  .00024  cals., 
therefore  97.7  cals.  =  97. 7 -.00024  or  407,084  joules).  We  know  from 
Farada3''s  law  that  for  the  electrolysis  of  one  gram  equivalent  of  any  sub- 
stance there  is  necessary  96,540  coulombs  (coulomb  =  ampere X seconds). 

The  electrical  pressure  must  therefore  be  at  least  >,,.r.,v  =4.21  volts  in 

96540 

any  system  in  which  fused  salt  is  the  electrolyte  and  sodium  and  chlorine 

the  primary   products.     This   is  the  theoretical  minimum.     If  electrical 

energy  is  consumed  in  overcoming  the  resistance  of  the  bath,  dissipate  in 

the  form  of  heat,  or  used  up  in  the  formation  of  byproducts,  more  energj' 

will  be  required,  as  is  indeed  always  the  case  in  actual  practice.     The 

theoretical  minimum,  however,  serves  as  a  measure.     If,  for  instance,  in 

the  electrolysis  of  fused  salt  7.00  volts  are  required,  the  volt  or  pressure 

efficiency  is  60  per  cent.     While  a  high  energ}^  efficiency  is  desirable  it  is  by 

no  means  all  important.     Power  is  only  one  item  of  expense  wliich  is  often 

overbalanced  by  the  cost  of  labor,  maintenance  and  materials. 

Sodium  chloride  melts  at  772°  C.  (dull  red  heat)  and  at  this  tempera- 
ture is  a  good  conductor  of  electricity.  On  passing  an  electrolytic  current 
of  sufficient  voltage  through  fused  salt  gaseous  chlorine  is  liberated  at  the 
anode  and  liquid  metallic  sodium  at  the  cathode.  The  sodium,  being 
lighter  than  salt,  floats  up  through  the  bath,  and  unless  inmiediately 
removed  recombines  with  the  chlorine  or  oxidizes  in  the  air.  Fused  salt 
acts  strongly  upon  most  materials  and  the  construction  of  a  suitable  con- 
tainer is  a  serious  problem.  The  hot  chlorine  also  acts  upon  metals  and 
manv  anode  materials.  These  various  difficulties  have  been  overcome  in 
the  Acker  process,  as  follows: 

Acker  Process.  In  the  Acker  process,  Fig.  158,  solid  salt  is  fused  by- 
passing through  it  a  current  of  very  high  density.  Chlorine  is  liberated  at 
the  anodes  of  Acheson  graphite  and  is  drawn  off  by  a  slight  suction  into  brick 
conduits.  Sodium  is  liberated  at  the  cathode,  a  shallow  body  of  molten  lead, 
with  which  it  immediately  alloys.  This  alloy  is  fluid  as  long  as  the  p)ercent- 
age  of  sodium  is  very  low.  The  body  of  molten  lead  is  kept  in  continuous 
motion  in  one  direction  and  passes  through  a  short  connecting  channel  under 
the  hearth  to  a  second  compartment  called  the  well.  It  is  here  elevated  by 
means  of  a  sort  of  steam  injector,  which  consists  of  a  vertical  cast-iron  pipe 
dipping  into  the  well  and  pointed  upward.  The  well  has  a  curved  cast-iron 
cover.  On  admitting  steam,  the  lead  sodium  alloy  is  projected  upward 
against  the  face  of  the  cover  and  decomposed  into  metallic  lead,  caustic 
soda  and  hydrogen.  The  products  are  deflected  downward  into  a  third 
small  compartment,  the  caustic  chamber.  Here  the  lead  sinks  by  gravity 
and  flows  back  into  the  cell  to  take  up  more  sodium  and  go  the  round 
anew.  The  caustic  soda,  being  lighter,  collects  in  an  anhydrous  condition 
at  the  top  of  the  caustic  chamber  and  overflows  from  a  spout  hito  a  col- 
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lecting  vessel.  Any  excess  of  steam  with  the  hydi^en,  which  bums  quietly, 
escapes  at  the  same  point.  The  action  is  entirely  continuous.  The  rate  of 
flow  of  the  cathode  lead  is  controlled  by  the  rate  of  steam  supply,  which  is 
usually  a  little  greater  than  that,  theoretically  necessary  to  convert  the 
metallic  sodium  into  hydrate.  The  bath  of  electrolyte  is  kept  up  to  volume 
by  periodicalij'  shoveling  in  solid  salt.  The  cell  or  furnace  is  made  of  cast 
iron,  that  portion  which  contains  the  salt  being  lined  with  two  rows  of 
magnesia  or  ordinary  firebricks  laid  in  ivithout  bond.  The  molten  salt 
penetrates  between  the  cracks  and  freezes  in  the  outer  layer,  making  the 
lining  impervious.  Each  cell  is  about  3X6  ft.,  and  carries  four  anodes 
having  an  effective  surface  of  about  3  sq,  ft.  in  all.  The  under  surface 
of  the  anodes  are  grooved  to  prevent  the  chlorine  accumulating  upon  them, 
ivhich  would  raise  the  resistance.  The  current  is  very  high,  8300-8500 
amperes,  a  current  denf^ity  of  2800  amperes  per  square  foot.  The  voltage 
is  about  6.5  volts  under  normaj  operatii^  conditions.     The  output  of  each 
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cell  is  about  550  lbs.  anhydrous  sodium  hydroxide  and  495  lbs.  chlorine  per 
24  hours.  The  caustic  is  very  pure.  It  contains  I  per  cent  total  impuri- 
ties (a  little  salt  which  gets  in  mechanically  and  a  little  carbonic  acid 
taken  up  from  the  air).  It  is  collected  in  large  pots  holding  from  10  to  13 
tons,  where  it  is  kept  molten  to  allow  impurities  to  settle  out  and  is  treated 
with  a  little  sodium  hyposulphite  to  destroy  traces  of  sodium  manganate, 
etc.,  which  gives  it  a  green  color  as  it  runs  from  the  cells.  While  still 
liquid  it  is  bailed  into  the  cast-iron  drums  in  which  it  is  sold. 

The  good  features  of  the  process  are  the  high  output  per  cell,  many 
times  larger  than  that  possible  with  any  wet  process  coll  of  similar  size,  the 
saving  of  the  expense  of  boiUng  down  weak  caustic  liquor  and  of  dissolving 
salt,  etc.  The  drawbacks  are  the  somewhat  high  voltage  necessary  and 
the  dilution  of  the  chlorine  which  is  drawn  off,  mixed  with  about  20  or  30 
times  its  voliune  of  air.  This  weak  chlorine  is  well  adapted  for  certain  pur- 
poses, but  not  all.  Its  use  in  manufacturing  bleachii^  powder  necessitates 
the  use  of  mechanical  absorbers. 
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The  anodes  withstand  the  chemical  action  of  the  chlorine  remarkably 
well,  but  are  somewhat  liable  to  mechanical  injury  from  careless  handling. 
The  furnace  castings  have  a  life  of  seven  or  eight  months  under  favorable 
conditions,  but  are  liable  to  be  cracked  at  the  time  of  starting  or  shutting 
down,  unless  this  is  done  very  gradually. 

The  electrolysis  of  fused  salt  proceeds  best  at  temperatures  not  greatly 
exceeding  its  melting-point.  At  higher  temperatures  a  mist,  supposed  to 
consist  of  subchloride  Na2Cl,  diffuses  upward  from  the  cathode,  reducing 
the  current  efficiency  very  greatly. 

Aschcroft  Cell.  Ashcroft  has  also  devised  a  cell  for  electrolysis  of 
fused  common  salt.  His  cathode  of  fused  lead  is  circulated  by  the  action 
of  a  powerful  electromagnet.  The  lead  sodium  alloy  is  withdra\^Ti  and  is 
made  the  anode  in  a  second  cell.  After  plating  out  its  sodium  content 
as  metal  in  a  bath  of  caustic  soda,  the  lead  is  returned  to  the  primary'  cell. 

Chlorine  is  also  produced  by  the  electrolysis  of  fused  zinc  chloride  which 
melts  at  a  low  temperature.  Carbon  anodes  and  a  cathode  of  fused  zinc 
are  generally  used.  The  process  has  been  in  successful  operation  in  Eng- 
land for  a  number  of  years  and  forms  an  important  feature  of  the  Swin- 
boume  and  Ashcroft  process  of  treating  complex  ores.  It  is  necessarj'  to 
keep  the  zinc  chloride  entirely  free  from  oxide.  In  this  point  lies  the 
chief  difficulty  of  the  process. 

Electrolysis  of  Aqueous  Salt  Solution. — The  reactions  occurring  in  the 
electrolysis  of  an  aqueous  solution  of  salt  are  very  complicated.  On  pass- 
ing a  current  between  insoluble  electrodes  the  primary  action  is  of  course 
the  liberation  of  chlorine  at  the  anode  and  sodium  at  the  catho<le.  The 
chlorine  escapes  from  the  system  chiefly  as  a  gas,  but  a  small  portion  dis- 
solves in  the  electrolyte  and  begins  to  diffuse  toward  the  cathode.  The 
sodium  liberated  at  the  cathode  immediately  combines  with  water,  forming 
caustic  soda  and  liberating  hydrogen  as  a  gas. 

Xa+H20  =  NaOH+H. 

The  caustic  soda  immediately  begins  to  diffuse  toward  the  anode.  As 
soon  as  chlorine  from  the  anode  and  sodium  hydroxide  from  the  cathode 
meet,  hypochlorites  are  formed. 

2NaOH+2Cl  =  NaOCl+NaCl+H20. 

The  action  is  further  complicated  by  the  caustic  soda  and  sodium  hypo- 
chlorite both  beginning  to  carry  current,  and  electrolyzing: 

2NaOH  =  2Xa+20H. 

The  hydroxyl  ions  discharge  at  the  anode,  forming  water  and  oxygen,  which 
escape  with  the  chlorine  or  act  upon  the  anode  material  and  dissolved 
products  about  the  anode.  The  hypochlorite  is  likewise  decomposed 
and  the  formation  of  chlorate  in  the  electrolj'te  begins.  This  again  carries 
current.     If  no  means  be  provided  to  keep  the  anode  and  cathode  products 
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separate,  the  current  efficiency,  which  wa.s  at  the  beginning  100  per  cent, 
drops  to  a  very  low  figure.  In  the  direct  formation  of  hypochlorites  and 
chlorates  by  electrolysis  the  combination  of  the  anode  and  cathode  prod- 
ucts are  essential,  but  in  the  production  of  sodium  hydroxide  and  chlorine 
this  must  be,  as  far  as  possible,  prevented.  This  has  been  achieved  by  a 
variety  of  means  giving  rise  to  a  number  of  successful  but  very  different 
processes.  The  necessitj-  of  obtaining  caustic  soda  of  as  high  a  concentra- 
tion as  possible  has  also  had  its  influence  in  the  types  of  apparatus  devised. 
The  reaction: 

NaCl+H20  =  XaOH+H-hCl, 

represents  an  expenditure  of  energ}-  equal  to  53  cals.  By  simple  calcu- 
lation the  critical  or  theoretical  minimum  voltage  is  found  to  be  2.29 
volts,  much  lower,  therefore,  than  the  critical  voltage  for  fused  salt. 

According  to  the  means  adopted  to  prevent  or  minimize  the  inter- 
action between  the  primary  anode  and  the  cathode  products,  the  processes 
may  be  divided  into  three  classes: 

A — Mercury  cathode; 
B — Diaphragm  ; 
C— Bell  type. 

Castner-Kellner  Process.  This  may  be  considered  as  the  type  of 
mercury  cathode  processes,  of  w^hich  it  is  the  oldest  and  most  generally 
successful  example. 

The  Castner  cell,  Fig.  159,  consists  of  a  slate  box  4  ft.  long,  6  ins.  deep 
and  4  ft.  wide,  divided  into  three  compartments  by  partitions  extending  to 
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Fig.  159. 

within  -f^  of  an  incli  of  the  l>ottom.  These  compartments  are  kept  separate 
by  a  layer  of  mercury  covering  the  entire  l)ottom  of  the  apiparatus.  The 
outer  compartments  are  filled  with  strong  salt  solution  and  the  center  com- 
partment with  pure  water.  In  each  outer  compartment  there  are  several 
T-shaped  anodes  of  Acheson  graphite,  having  the  lower  surface  within 
on^  inch  of  the  mercury.  In  the  center  compartment  is  an  iron  grid  which 
serves  as  the  cathode.  The  cell  is  pivoted  on  one  end  and  rests  on  an  eccen- 
tric on  the  other,  which  raises  and  lowers  \  in.  once  a  minute,  imparting  a 
rocking  motion  and  causing  the  mercury  to  flow  backward  and  forward 
l)etween  the  compartments.  On  passing  the  current  the  salt  in  the  outer 
compartments  is  decomposed,  liberating  chlorine  at  the  anodes,  which  is 
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drawn  off  by  slight  suction.  Sodium  is  liberated  at  the  intermediate 
cathode  of  mercury  and  alloys  with  it.  The  sodium  mercury  alloy  flows 
into  the  center  compartment,where  it  plates  out  sodium  at  the  iron  cathode. 
The  sodium  instantly  combines  with  the  water,  forming  caustic  soda  and 
hydrogen.  The  caustic  soda  dissolves  while  the  hydrogen  is  allowed  to 
escape  into  the  room.  Part  of  the  current  must  be  shunted  off  before  pass- 
ing to  the  final  iron  cathode.  Only  90  per  cent  of  the  charging  current  is 
allowed  to  pa^  through  the  discharging  cell,  otherwise  mercury  would 
pass  into  solution  in  the  cathode  compartment,  forming  HgO,  destroying 
the  continuity  and  clean  metallic  liquid  character  of  the  mercury  and 
causing  a  heavy  loss  of  this  expensive  material. 

The  salt  solution  flows  through  the  anode  compartment  continuously, 
being  brought  back  to  its  original  high  concentration  by  the  addition  of  salt 
outside  the  cell  and  then  returned  for  reuse.  As  the  sulphates  in  the  brine 
accumulate,  they  are  from  time  to  time  removed  by  precipitation  with 
barium  chloride.  The  water  in  the  center  compartment  Ls  left  until  the 
caustic  soda  has  raised  its  gravity  to  1.3.  The  caustic  soda  solution  is 
then  run  off  and  replaced  by  fresh  water.  The  lye  is  boiled  down  in  cast 
iron  pots  till  anhydrous,  and  is  packed  molten  into  iron  drums.  It  is  very 
pure,  often  99  per  cent  actual  sodimn  hydroxide. 

The  cells  are  inexpensive  to  construct  and  last  indefinitely,  likewise  the 
iron  cathodes.  The  anodes  last  a  year  or  more.  The  current  at  the  anode 
is  about  630  amperes  per  cell,  of  which  10  per  cent  is  shunted  off  before' 
discharging  in  the  cathode  compartment.  The  voltage  is  about  4-3.  The 
current  efiiciency  is  nearly  90  per  cent,  energy  efficiency  47  per  c^lM;.  The 
current  density"  at  the  anode  is  about  150  amperes  per  ,square  ^pot,  and 
at  the  mercury  110  amperes  per  square  foot.  The  current  which  can  be 
used  is  limited  by  the  necessity  of  keeping  the  temi^erature  of  the  cell 
below  40°  C,  at  which  point  chlorate  begins  to  form.  Each  cell  decom- 
poses per  twenty-four  hours,  65  lbs.  sodium  chloride,  forming  44  lbs.  sodium 
hydroxide  and  liberating  39.4  lbs.  chlorine.  The  output  per  H.P.  per 
twenty-four  hours  is  12.0  lbs.  sodium  hydroxide '  and    10.8    lbs.  chlorine. 

The  two  factors  which  have  most  largely  contributed  to  the  success  of 
this  type  of  cell  are: 

(1)  The  rocking  mercury  cathode. 

(2)  The  cathode  shunt. 

Each  Castner  cell  requires  about  150  lbs.  of  mercury,  which  it  is  essen- 
tial to  keep  bright  and  clean,  and  of  which  there  must  be  no  loss.  The 
mercury  is  not  dissolved  by  the  brine  as  long  as  it  is  electrically  negative 
and  does  not  oxidize  in  the  center  compartment  unless  denuded  of  sodium; 
hence  the  necessity  of  a  higher  charging  than  discharging  current. 

Whiting  Cell.  A  cell  of  a  somewhat  similar  kind  is  that  of  Whiting, 
in  operation  at  Rumford  Falls,  Me.  Here  the  mercury  is  circulated  by 
means  of  a  pump,  and  the  decomposing  compartment  is  not  in  electrical 
contact,  i.e.,  mercury-sodium  is  formed  and  is  removed  from  the  system 
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mechanically,  decomposed  outsido  the  circuit  and  the  denuded  mercury 
returned.  The  voltage  is  somewhat  higher  than  that  of  the  Castner  cell. 
The  current  efficiency  is  high. 

Diaphragm  Processes.  In  cells  of  this  type  the  anode  and  cathode 
are  separated  by  a  porous  partition,  which  in  most  successful  cells  is  in  close 
contact  with  the  cathocle.  Concentrated  salt  solution  is  usually  fed  into 
the  anode  compartment  and  flows  toward  the  cathode  under  slight  head. 
The  diaphragm  controls  and  rcRulates  the  forwani  motion  of  the  salt  solu- 
tion and  retards  the  backward  flow  of  the  caustic  soda  formed  at  the 
cathode.  The  caustic  liquor  forme<l  at  the  cathode  is  drawn  off  continu- 
ally. If  the  rate  of  flow  is  high  the  crude  cathode  liquor  contains  much 
salt,  and  the  percentage  of  sodium  hydroxide  is  low;  if  the  flow  is  slower 
the  concentration  in  soilium  hydroxide  will  be  higher  and  the  lye  will  con- 
tain  less  salt,  but  there  will  be  greater  diffusion  of  sodium  hydroxide  back- 
ward through  the  anmle  compartment,  with  recombination,  etc.,  and  loss 
in  electrical  efficiency. 

MacDonald   Cell.     A  simple    cell   of  this   type   is   the   MacDonald. 
This    cell    consists    of   an    iron    tank  1    ft.  wide,  1   ft,   high,  and  5  ft. 
2  ina,  -long,  di\idetl   into  three   compartments  by  two   perforate<l  iron 
partition     walls,    having    five     ^-in.    holes    per     square    inch.     These 
perforated  walls  are  the  cathodes.     The  diaphragm   is   stretched    upon 
the  inner  surface   of  these  walls   and    consists    of  a  layer    of  asbestos 
paper  cemented  to  a  layer  of  aslx-stos  cloth  by  means  of  silicate  of  soda. 
The  anodes  of  graphitized  carbon  connected   in  multiple  are  suspended 
in  the  Inner  compartment,  connection  being  made  through  the  iron  cover 
which  seals  the  ano<Ie  compartment.     This  cover  is  protected  from  the 
action  of  the  chlorine  here  liberated  by  a  coat  of*  cement.     Brine  is  fed 
in  automatically  and  continually  in 
the  center  compartment,  and  weak 
caustic  soda  solution  flows  off  from 
the   cathode   compartments.      The 
chlorine  is  withdrawn  from  the  anode 
compartment  bj-   a   ^-light  suction. 
The  voltage   is  about  4.5,  current 
420  amperes,  output  in  chlorine  28 
lbs.  per  twenty-four  hours  per  cell, 
or  10.4  lbs.  per  H.P.  per  twenty- 
four  hours. 

Hargreaves-Bird  Process.  In 
the  Hargreaves-Bird  process  the 
caustic  is  converted  to  carbonate  at 

the  cathode  and  its  backward  diffu-  ■ 

sion  thus  prevented.    The  cell,  which  Pi^  ]gQ 

is  shown  in  cross-section.  Fig.  100, 
consists  of  a  cast-iron  box  10  ft.  long,  5  ft.  high,  and  2  ft.  wide.     The  cathodes 
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of  copper  gauze  support  the  diaphragm  of  an  asbestos,  silicate  of  soda,  Port- 
land cement  composition,  and  divide*  the  cell  into  three  compartments.  The 
inner  compartment  contains  the  anodes  of  retort  carbon,  with  lead  connec- 
tions which  are  protected  })y  a  coat  of  cement.  The  diaphragm  is  sufficiently 
imj)ervious  to  prevent  the  brine  with  which  the  inner  compartment  is 
filled  to  flow  through,  en  mass(»,  l)ut  permits  electrolysis  to  take  place 
through  it.  The  space  between  the  outer  cathode  walls  and  the  walls  of 
the  cell  is  empty  of  liquid.  In  it  a  mixture  of  steam  and  carbon  dioxide  is 
blown  which  forms  carbonate  of  soda  solution  on  the  walls  of  the  cathode 
which  trickles  away.  The  chlorine  liberated  at  the  anode  is  pumped  out 
of  the  anode  compartment,  along  with  the  brine,  the  chlorine  is  trapped 
off,  the  brine  brought  back  to  its  original  concentration  by  saturating  with 
more  salt  and  returned  b}'  a  stoneware  pump  to  the  cell.  The  current 
in  the  Hargreaves-Bird  cell  is  high,  voltage  low,  3.3  volts,  but  it 
labors  under  the  disadvantage  of  producing  low-priced  sodium  carbon- 
ate instead  of  the  more  valuable  sodium  hydroxide.  The  output 
per  cell  per  twenty-four  hours  is,  sodium  carbonate  170  lbs.,  chlorine 
113  lbs.,  per  H.P.  per  twenty-four  hours,  sodium  carbonate  18  lbs., 
chlorine  12  lbs. 

Townsend  Cell.  In  the  Townsend  cell  the  anodes  are  of  graphite, 
the  cathodes  are  perforated  iron  plates,  separated  from  the  anode  com- 
partment by  vertical  diaphragms  which  adhere  closely  to  the  iron  cathodes. 
The  outer  surfacas  of  the  cathode  plates  are  bathed  in  kerosene  in  the 
cathode  compartments.  The  anode  compartment  is  kept  filled  with  brine. 
A  hydrostatic  pressure  is  maintained  whereby  a  portion  of  the  brine  flows 
slowly  from  the  anode  into  the  cathode  compartments.  As  soon  as 
current  ls  passing,  this  escaping  brine  is  charged  with  the  caustic  soda 
formed  by  electrolysis.  Passing  through  the  perforated  iron  plates 
it  meets  the  kerosene  bath  and  forms  oily  drops  which  detach  from  the 
walls  and  sink  to  the  bottom  of  the  kerosene,  out  of  electrical  or  chemical 
contact  with  the  system,  and  is  continuously  removed.  The  spent  anode 
brine  is  pumped  continuously  from  the  anode  compartment  to  a  tank 
w-here  it  is  saturated  with  salt  and  the  chlorine  trapped  off.  It  is  then 
returned  to  the  cell.  The  cells  are  made  in  rather  large  units  and  carry 
from  4000  to  6000  amperes  per  cell.  The  composition  of  the  cathode 
liquor  varies  with  the  rate  of  percolation.  With  the  rate  found  most 
advantageous  in  practice  the  composition  is  about  150  grams  sodium 
hydroxide  and  213  grams  sodium  chloride  per  lit^r,  with  lower  hydrostatic 
pressure  and  reduced  percolation— the  composition  can  be  brought  to 
sodium  hydroxide  250  grams,  sodium  chlorid  140  grams.  This  cell  can  be 
run  at  very  low  voltage,  as  low  as  3.5,  with  a  current  density  of  70 
amperes  per  square  foot  at  the  anode,  })ut  with  increased  current  density 
(140  amperes  per  square  foot  at  the  anode),  the  voltage  rises  to  about  4.7. 
While  the  yield  of  sodium  chloride  and  chlorine  per  H.P.  is  less  at  the  high 
density  the  output  per  cell   is  greater,  and  it    has  been   found   on   the 
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whole  more    pconomical   to   sacrifice  power   to   greater  output  per  unit 
of  plant. 

Baekland  Diaphragm.  The  diaphragm,  whicli  U  the  invention  of 
Dr.  Baokiaml,  consists  of  asl)estos  eloth  filled  with  a  special  paint  made 
of  a  mixture  of  oxide  of  iron,  asbestos  fiber  an<l  gummy  iron  hydroxide. 
The  diaphragms  lieeome  clogged  in  five  or  six  wwks  so  arc  removed  an<l 
given  a  fresh  coat  of  the  paint.  This  diaphragtri  is  vi'iy  economical  and 
efficient. 

In  all  the  diaphragm  processes  the  primarj'  cathode  products  consist 
of  a  solution  of  caustic  soda  and  salt.  This  is  boiled  down  in  ca-st-iron 
vessels,  usually  under  a  vaeuuni  witli  triple  or  quadruple  effect.  At  a 
moderate  concentration  most  of  the  salt  separates  out,  the  caustic  soda 
remaining  in  Kolutiun.  The  salt  is  removed  (fished),  and  after  neutralizing 
the  small  amount  of  entrained  caustic  with  hj'drocliloric  arid,  goes  back 
into  the  process. 

The  anode  liquor  is  verj-  <lestructive  to  carbon  or  graphite  electrodes 
if  it  becomes  alkaline;  this  is  guanied  against,  in  some  processes,  by  the 
addition  of  a  little  hydrochloric  acid  at  the  anotles.  Other  diaphragm 
processes  which  space  does  not  ixrmit  the  description  of  are  the  Roberts, 
using  a  diaphragm  compoundeil  of  anthracite  coal,  the  Leseur,  the  Outheu- 
Chaiandre,  etc. 

Bel!  Process,     in  the  bell  processes,  of  which  there  are  several,  combina- 
tion of  the  anode  and  cathode  products  is  prevented  without  the  use  of  a 
diaphragm  by  suspending  the  anodes 
in  bells,  admitting  the  brfne  at  the 
anode  at  such  a  rate  that   it   flows 

past   the   cathode   faster   than   the  nWte 

cathode  products  can  diffuse  up- 
ward. The  apparatus  is  very  simple, 
but  current  density  is  low  and  the 

size    of   the    cells    is    small.      The  P,q  [gj 

cathode     liquor     is     very    weak    in        ^    be,,  ^j.^  chlorine  oudet  tube,    anri 
caustic  soda  and  very  high  in  salt,    trapped    brine    feed  pipe;    B,    anode  of 
necessitating  boiling  down  a  great    retort  carbon;  C,  calhode  of    iron    game; 
quantity  of  liquid.     In  Aussig  ami    ».  overflow  ajiAon  for  calhode  Uquor. 
other    parts    of    the    continent   of 

Europe,  where  fuel  and  lalior  are   cheap,  it  has,  notwithstanding,  been 
commercially  succe-s-sfui.     A  -simple  type  of  cell  is  shown  in  Fig.  161. 

Platinum  anodes  have  been  successfully  used  in  the  electrolysis  of  salt, 
the  chief  objection  is  tlieir  high  original  cost.  There  is  some  gradual  loss 
of  platinum,  but  in  a  properly  designed  plant  the  expense  need  not  exceed 
nine  or  ten  cents  per  100  lbs,  chlorine  produceti. 

The  following  balance  sheet  shows  the  cost  per  twenty-four  hours  of  a 
plant  producing  12,670  lbs.  sodium  hydroxid  and  12,500  lbs.  chlorine,  using 
one  of  the  diaphragm  processes: 
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Balance  Sheet 

Power-cells,  1200  H.P.,  at  $17  per  horse-power  year $55.89 

Power-motors,  25  H.P.,  at  $17  per  horse-power  year 1.16 

Salt,  23,000  lbs.  at  $4.50  per  ton 51.75 

Superintendence 20.00 

Labor,  14  men,  at  $2.25 31.50 

Coal,  8  tons,  at  $3.50 28.00 

Depreciation  and  taxes 23.95 

Maintenance  and  repairs 31.25 

Drums,  27,  at  91c 24.57 

Debit $268.07 

Credit. 

12,500  lbs.  chlorine,  at  .01 $125.00 

Cost  of  12,670  lbs.  caustic  soda $143.07 

Chemical  Processes.  Of  the  purely  chemical  processes  for  preparing 
chlorine  two  survive,  the  Weldon  and  the  Deacon  process.  Both  use 
muriatic  acid  as  the  source  of  chlorine.  Because  of  the  expense  incident  to 
transporting  this  acid,  wherever  chlorine  is  produced  in  a  large  way 
chemically,  the  acid  is  made  on  the  spot. 

Weldon  Process.  Muriatic  acid  is  oxidized  by  manganese  dioxide, 
liberating  chlorine  at  a  moderate  temperature. 

Mn02+4HCl  =  MnCl2+2H20+Cl2. 

The  primary  source  of  the  dioxide  is  the  mineral  pyrolusite,  which  contains 
from  50  to  70  per  cent  of  manganese  dioxide.  High  manganese  dioxide  con- 
tent is  very  desirable  for  chlorine  manufacture,  and  less  than  57  per  cent 
renders  the  mineral  unsuitable  for  the  purpose.  The  muriatic  acid  should 
be  of  high  concentration,  30  per  cent  upward  of  actual  hydrochloric  acid 
and  fairly  free  from  sulphuric  acid,  otherwise  the  regeneration  of  the  man- 
ganese dioxide  l)ecomes  difficult  or  impossible  and  the  process  unprofitable. 
The  generation  of  chlorine  is  always  conducted  in  stone  ware  stills  (fire- 
brick, sandstone),  etc.,  which  may  be  of  rather  variable  design.  In  start- 
ing with  pyrolusite,  the  mineral  is  placed  in  the  still  first,  on  a  raised  plat- 
form, then  the  acid,  preferably  warm,  is  run  in  gradually,  finally  the  still  is 
moderately  heated  by  blowing  in  a  current  of  live  steam.  The  mm-iatic 
acid  acts  on  the  dioixde  until  its  concentration  is  reduced  to  about  5  per 
cent  actual  hydrochloric  acid.  With  recovered  manganese  the  acid  is 
utilized  do>vn  to  about  2  per  cent.  The  chlorine  is  evolved  in  a  steady 
stream  and  is  conducted  by  lead  or  stoneware  pipes  to  the  point  of  utiliza- 
tion.    Since  pyrolusite  is  fairly  expensive,  the   profitable  production  of 
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chlorine  necessitates  the  recovery  of  the  manganese  from  the  spent 
still  liquor.  The  Weldon  process,  which  is  the  most  successful 
method  of  doing  this,  is  based  on  the  fact  that  freshly  precipi- 
tated manganous  hydroxide  suspended  in  a  solution  t)f  calcium  chloride 
is  easily  converted  into  peroxide  by  a  current  of  air  forced  through 
the  liquid,  if  there  be  present  an  excess  of  lime.  The  excess  of  lime  is 
essential. 

Process  of  Recovery.  The  spent  liquor  from  the  still  is  run  into  a 
neutralizing  well,  where  it  is  treated  with  ground  chalk,  or  better  Avith 
regenerated  manganese  mud.  The  free  hydrochloric  acid  is  thus  neutral- 
ized, and  any  iron  present  is  precipitated.  The  residual  chlorine  dissolved 
in  the  liquor  is  carried  off  along  with  the  evolved  car]>on  dioxide  to  a  tall 
chimney,  whence  it  escapes,  or  it  may  be  removed  by  passing  through  a 
scrubbing  tower. 

The  neutralized  liquor  is  allowed  to  settle  for  a  few  hours,  when  the 
clear  solution  is  run  into  the  oxidizers.  These  are  iron  tanks  10  ft.  in 
diameter  and  30  ft.  high,  with  a  perforated  pipe  at  the  bottom  through 
which  air  is  admitted  under  pressure. 

The  oxidizer  is  about  half  filled  with  manganese  liquor  (averaging  60 
grams  per  liter  manganese  as  manganese  dioxide).  By  means  of  live  steam 
the  liquid  is  heated  to  55°  C.  Lime  water,  prepared  by  slaking  pure  lime 
very  low  in  magnesixun,  is  then  run  in  till  all  the  manganese  is  precipitated 
as  manganous  hydroxide.  Then  i  to  J  excess  is  added.  Meanwhile  the 
air  is  blowing  full  blast  through  the  liquor.  The  liquor  is  at  first  yellow 
but  gradually  becomes  black.  The  first  blowing  is  continued  three  to  five 
hours,  till  the  liquor,  which  was  at  first  strongly  alkaline,  is  nearly  neutral- 
ized and  no  more  manganese  dioxide  forms. 

About  4  as  much  manganese  liquor  as  originally  used  is  then  added,  and 
blowing  is  continued  for  another  two  hours. 

The  mud  is  then  run  into  settlers,  where  it  remains  until  the  precipitate^ 
subsides.  The  clear  supernatant  solution  of  calcium  chloride  is  then  run 
off  as  a  waste. 

The  current  of  air  must  be  ver>'  powerful,  otherwise  what  is  known  as  a 
stiff  batch  is  liable  to  form.  If  there  is  not  suflScient  excess  of  lime  the 
oxidation  is  only  partial  and  what  is  known  as  a  red  batch  is  formed.  This 
consists  chiefly  of  Mn304. 

About  168  cu.ft.  of  air  are  required  to  produce  1  lb.  of  manganese 
dioxide. 

The  use  of  recovered  manganese  nmd  greatly  simplifies  the  production 
of  chlorine.  Very  much  larger  stills,  usually  pentagonal,  are  used.  Muri- 
atic acid  is  run  into  the  still  about  2  ft.  deep,  then  graduallj^  manganese 
mud  is  admitted  until  an  even  current  of  chlorine  is  produced. 
Finally,  to  utilize  the  last  of  the  acid  and  drive  off  the  dissolved 
chlorine,  steam  is  blown  in.  The  spent  liquor  then  goes  back  to  the 
recover^"  plant. 
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The  reactions  which  occur  in  recovery  are  about  as  follows: 

I.     100MnCl2+ IGOCaO  =  100MnO+60CaO+ lOOCaCb. 
II.     100MnO+60CaO+86O  =  48CaO.Mn02+  14MnO.AIn02+  12CaO. 
2Mn02.  ■ 
III.    48CaO .  Mn02+24MnCl2  =  24CaO .  2Mn02+24MnO+24CaCl2. 
I\'.    24MnO+ 120  =  12MnO .  Mn02. 

Fl'oni  124MnCl2  (original  100  and  second  addition  of  24)  there  are  pro- 
duced 98  Mn02  (along  with  36  CaO  and  26  MnO). 

Deacon  Process.  The  Deacon  process  is  based  on  the  oxidation 
of  gaseous  hydrochloric  acid  bj'  the  oxygen  of  the  air  in  the  presence  of  a 
suitable  catalyzer. 

2HC1+0  =  H20+Cl2. 
The  catalyzer  most  used  is  copper  chloride,  which  functionates  as  follows: 

(1)  2CuCl2  =  Cu2Cl2+Cl2; 

(2)  Cu2Cl2+02  =  2CuO+Cl2; 

(3)  2CuO+4HCl  =  2CuCl2+2H20. 

This  reaction  begins  at  250°  C.  and  reaches  its  maximum  at  400°C.  The 
rate  of  action  of  the  catalyzer  depends  upon  the  surface  exposed  more  than 
on  the  amount,  and  therefore  the  catah''zer  used  in  practice  is  broken 
bricks  or  burnt  clay  balls  which  have  been  soaked  in  copper  solution 
j(3  per  cent)  and  dried.  The  reaction  is  slightly  exotherinic,  but  heat 
must  be  supplied  to  make  up  for  the  loss  by  radiation,  etc.  In  practice 
about  60  per  cent  of  the  hydrochloric  acid  is  decomposed,  but  the  rest  is 
recovered  as  weak  acid.  The  catalyzer  soon  loses  its  activity  from  a  vari- 
ety of  causes,  principal  of  which  seem  to  be  the  presence  of  sulphuric 
acid  and  arsenic. 

The  gases,  hj^'drochloric  acid,  air  and  moisture,  from  the  decomposition 
of  salt  by  sulphuric  acid  in  an  ordinary  salt  cake  furnace,  are  cooled  bypass- 
ing through  long  glass  pii)es  and  a  small  tower  filled  with  coke  to  remove 
moisture.  They  next  pass  to  an  iron  preheater,  where  they  are  heated  to 
400°  C.  (hot,  dry  hydrochloric  acid  has  little  action  on  iron).  The  hot 
gaseous  mixture  then  passes  through  the  decomposer  filled  with  the  con- 
tact substance,  the  temperature  of  which  is  carefully  regulated.  The 
decomposition  is  here  affected,  the  escaping  gases  being  chlorine,  water  in 
the  form  of  steam,  hydrochloric  acid,  nitrogen,  and  a  little  oxygen. 

The  gaseous  mixture  is  first  cooled  by  passing  through  a  long  series  of 
pipes.  The  hydrochloric  acid  is  next  removed  by  washing  with  water  in 
a  scrubbing  tower,  and  is  finally  dried  by  washing  with  sulphuric  acid  in  a 
lead-lined  tower.  The  contact  substance  is  removed  every  two  weeks, 
one-sixth  at  a  time,  thus  each  portion  remains  in  service  twelve  weeks. 

The  Deacon  process  produces  chlorine  of  about  5  to  8  per  cent  volume 
concentration.     This  is  its  chief  draw})ack.     It  produces  chlorine  more 
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cheaply  that  theWeldon  process,  but  the  plant  is  expensive  and  there  have 
been  few  new  Deacon  installations  since  the  advent  of  the  newer  electrolv- 
tic  processes. 

In  the  Weldon  process  about  35  per  cent  of  the  hydrochloric  acid  is 
converted  to  chlorine,  the  rest  to  waste  calcium  chloride.  In  the  Deacon 
process  about  60  per  cent  is  converted  and  the  rest  recovered. 

Hypochlorites.  Chlorine  being  a  gas,  does  not  admit  of  easy  transport- 
ation as  such.  It  may  be  liquefied  by  combined  cooling  and  pressure, 
and  can  then  be  shipped  under  pressure  in  iron  cylinders,  which  latter 
are  not  acted  upon  by  dry  liquid  chlorine. 

Chlorine  combines  with  aqueous  solutions  of  the  alkaline  and  alkaline 
earth  hydrates,  or  with  the  hydrates  in  the  presence  of  moisture  forming 
hypochlorites. 

2NaOH+Cl2  =  NaOCl+NaCl+H20. 

The  h^-pochlorites  are  very  powerful  bleaching  and  oxidizing  agents. 
Calcium  hypochlorite  is  the  cheapest  powerful  oxidizing  agent  that  we 
have.  Their  value  depends  in  most  cases  upon  the  ease  with  which  they 
give  up  oxj'gen  to  oxidizable  organic  matter,  rather  than  to  any  action  of 
the  contained  chlorine. 

Ca(OCl)2  =  CaCl2+02. 

Aqueous  solutions  of  hjT^ochlorites  are  produced  in  large  quantities 
for  use  at  the  place  of  manufacture.  Because  of  their  bulk  (it  is  difficult 
to  prepare  h>T)ochlorite  solutions  much  over  130  grams,  Jiypochlorite  per 
liter)  and  instability,  such  solutions  are  seldom  transported.  Occasion- 
ally bleach  liquor  (calcium  hypochlorite  solution)  is  shipped  a  few  hundred 
miles  in  tank  cars  if  it  can  be  used  immediately. 

Sodium  and  potassium  hypochlorite  solutions  (Eau  de  Javelle,  Labar- 
raque  solution)  are  made  to  some  extent  by  the  direct  action  of  chlorine 
gas  upon  solutions  of  the  respective  alkali  hydrates  for  use  in  laundry 
w^ork,  bleaching  and  disinfecting.  They  are  more  commonly  produced 
from  calcium  hypochlorite  by  double  decomposition. 

•  Ca(OCl)2+Na2C03  =  2NaOCl+CaC03. 

Calcium  h>T)ochlorite  is  cheaper  and  equally  good  for  many  purposes. 
It  is  made  by  absorbing  chlorine  in  milk  of  lime,  which  takes  it  up 
with  great  avidit}'.  The  manufacture  is  very  simple.  It  is  merely  neces- 
sary to  keep  the  lime  in  excess  throughout  and  to  keep  the  temperature 
below  35°  C.  If  the  chlorine  gets  in  excess,  or  the  temperature  above 
37°  C,  rapid  decomposition  and  formation  of  chlorate  begins.  The 
presence  of  iron  likewise  tends  to  cause  decomposition,  particularly  if 
there  be  little  excess  of  lime.  In  the  manufacture  of  bleach  liquor  it  is 
preferable  to  dilute  the  chlorine  with  air  as  the  danger  of  local  over- 
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heating  is  thereby  greatly  reduced.  The  apparatus  In  which  bleach 
liquor  is  made  and  stored  is  commonly  constructed,  or  at  least  lined 
with  Portland  cement  concrete,  which  is  not  acted  upon  and  answers 

the  purpose  admirably.     Fig. 

} 


3  EXHAUST 


Fig.  162. 


162  shows  a  very  good  type 
of  bleach  liquor  machine  in 
section.  A  mixture  of  lime 
and  water  meets  a  stream 
of  chlorine  on  the  counter- 
current  principle,  is  elevated 
by  a  centrifugal  pump,  more 
lime  is  added  and  the  opera- 
tion is  repeated  till  the  entire 
charge  is  up  to  the  desired 
strength,  the  operation  being 
CHUORINE  entirely  continuous  and  auto- 
matic except  as  regards  the 
addition  of  lime. 

Although     calcium    hypo- 
chlorite is  almost  alwavs  used 
in    solution,  it  is   commonly 
manufactured  for  sale  in  the 
solid  condition  which  is  more 
stable  and  more  easily  trans- 
ported.    Slaked  lime  Ca(0H)2,  containing  a  slight  excess  of  water  (2  to 
5  per  cent)  readily  takes  up  chlorine  forming  bleaching  powder  which  has 
the  composition, 

CaO.CaOCl2+2H20. 

The  CaO  in  the  best  bleaching  powder  amounts  to  about  10  per  cent 
Bleaching  powder  is  readilj'^  soluble  in  water;  the  excess  lime  forming  a 
sediment: 

2CaOCl2+H20  =  Ca(OCl)2+CaCl2+H20. 

In  making  bleaching  powder  burnt  lime  low  in  magnesia  and  carbonic 
acid  is  first  slaked  so  as  to  contain  about  26  per  cent  water.  It  is  then 
carefully  sifted  through  iron  screens  and  allowed  to  cool  completely.  It  is 
then  spread  in  a  thin  layer  3  or  4  ins.  deep  on  the  floor  of  a  so-called 
"  chamber,"  a  room  usually  about  6^  ft.  high.  Chlorine  gas  is  then 
admitted  through  the  roof  and  slowly  passes  to  another  chamber  in  series 
after  the  lime  in  the  first  chamber  has  taken  up  most  of  the  chlorine.  It 
usually  takes  about  twenty-four  hours  for  the  lime  to  become  completely 
saturated.  In  case  lime  deeper  than  2  ins.  is  placed  on  the  floor,  it 
becomes  necessary  to  interrupt  the  gassing  and  for  workers  to  enter  the 
chamber  and  turn  the  lime  with  a  spade.     Finally  the  bleach  is  shoveled 
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into  wooden  casks  or  iron  drums  painted  with  asphalt  paint.  The  chlorine 
must  be  fairly  dry  and  must  not  be  admitted  too  rapidly.  The  tempera- 
ture of  the  chamber  is  kept  below  45°  C.  Chlorine  diluted  with  air  to 
about  40  per  cent  by  volmne  works  well.  With  gas  less  than  30  per  cent 
chlorine,  mechanical  absorbers  or  shelf  absorbers  with  very  thin  layers  of 
lime  must  be  used  instead  of  chambers.  The  ordinary  bleach  chambers 
are  constructed  of  lead,  stone  or  cement,  with  usually  an  asphalt  floor. 
They  may  be  quite  large,  30  by  100  ft.  is  a  common  size,  and  must  be 
provided  with  suitable  doors,  peep  holes,  etc.  Two  himdred  square  feet 
of  chamber  floor  is  necessary  for  each  ton  of  bleach  produced  per  week. 

Potassium  Chlorate.  If  chlorine  acts  upon  milk  of  lime  at  a  high  tem- 
perature (60  to  70*^  C),  the  chlorine  being  in  excess,  hypochlorite  is  formed 
only  as  an  intermediate  product,  which  immediately  is  converted  to  chlo- 
rate, the  final  reaction  being 

6Ca(OH)2+ 12C1  =  Ca(C103)2+5CaCl2+6H20. 

This  is  the  reaction  upon  which  the  manufacture  of  chlorate  is  based. 
Chlorine  is  systematically  passed  over  milk  of  lime  in  cast-iron  cylinders 
provided  with  stirrers,  which  are  kept  at  the  proper  temperature  mainly 
by  the  h^t  which  the  reaction  itself  evolves,  if  the  combination  is  allowed 
to  proceed  at  a  sufficiently  rapid  rate.  The  chlorine  is  passed  over  the 
surface  of  the  lime  water  till  most  of  the  lime  has  dissolved  and  been  con- 
verted into  chlorate.  Any  unabsorbed  chlorine  passes  to  another  fresh 
cylinder  in  series  where  it  is  utilized.  The  solution  is  then  boiled  down  to 
about  1.35  specific  gravity  with  potassium  chloride,  which  reacts,  forming 
potassium  chlorate. 

Ca(Cl03)2+2KCl  =  2KC103+CaCl2. 

On  cooling  the  bulk  of  the  potassium  chlorate  crystallizes  out.  The 
mother  liquors  are  boiled  down  a  second  and  third  time  and  strongly 
cooled  to  recover  the  small  amount  of  chlorate  which  remains  in  solution. 
The  crude  potassium  chlorate  is  purified  by  recrystallization,  and  is 
washed  and  dried  in  a  centrifugal  machine. 

Sodium  Chlorate.  Sodium  chlorate  is  much  more  soluble  than  the 
potassium  salt,  and  cannot  be  made  in  quite  the  same  way.  In  the  manu- 
facture of  sodium  chlorate,  calcium  chlorate  is  first  made.  This  is  boiled 
down  to  about  1.5  gravity  and  then  cooled.  Four-fifths  of  the  calcium 
chloride  solidifies.  The  mother  liquor  is  drained  off  and  most  of  the  cal- 
cium precipitated  with  sodium  sulphate,  a  little  sodium  carbonate  being 
added  to  remove  the  last  of  the  calcium.  The  solution  of  sodium  chloride 
and  sodium  chlorate  is  then  boiled  down.  Most  of  the  sodium  chloride 
separates  from  the  boiling  hot  solution  and  is  removed.  The  solution  is 
then  cooled,  and  much  of  the  sodium  chlorate  crystallizes  out.  Twenty 
per  cent  or  so  is,  however,  left  in  the  mother  liquor,  which  goes  back 
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into  process.     The   separation    is   based    on  the  greater   difference    in 
solubility  of  sodium  chlorate  and  sodium  chloride  in  hot  solutions. 

Electrolytic  Manufacture  of  Chlorate.  If  an  alkali  chloride  solution  is 
electrolyzed  and  the  anode  and  cathode  products  allowed  to  mix  as 
formed;  at  ordinarj'  temperature  alkali  hypochochlorites  are  formed : 

NaCl  =  Na+Cl,    Na+H20  =  NaOH+H,    2NaOH+Cl2  =  NaOCl+NaCl 

If  the  temperature  is  above  40°  C,  chlorate  is  formed: 

3NaOCl  =  NaC103+2NaCl, 

particularly  if  the  solution  is  slightly  acid.    A  secondary  reaction  which 

occurs  is  the  reduction  of  chlorate  by  the  hydrogen  formed  at  the  cathode. 

In  actual  practice  it  is  customary  to  electrolyze  at  a  temperature  of 

70  to  100°  C,  the  heat  being  produced  by  using  a  high  current  density 

which  also  gives  a  high  yield  per  unit 
^ of  plant.  At  this  temperature  the  sub- 
stances primarily  formed  at  the  anode  are 
very  destructive  to  most  anode  mat-erials. 
Platinum  anodes  are  least  acted  upon,  and 
are  generally  used.  The  cathode  reduction 
can  be  largely  reduced  by  the  addition  of 
a  little  calcium  hypochlorite  to  the  elec- 
trolyte of  alkali  chloride.  This  forms  a 
coating  of  lime  on  the  cathode,  and  in- 
creases the  current  efficiency  greatly. 

The  destruction  of  chlorates  during 
electrolysis  may  also  be  reduced  by  main- 
taining the  electrolyte  slightly  acid,  either 
by  the  addition  of  a  little  hydrochloric 
acid  periodically,  or  an  acid  salt,  such  as 
potassium  bichromate,  which  at  the  same 
time  probably  forms  a  film  of  chromium 
oxid  on  the  cathode  and  reduces  the 
hydrogen  reduction.  Copper  cathodes 
are  generally  used. 
Gibbs  Process.  In  the  Gibbs  process,  Fig.  163,  for  the  manufacture  of 
potassium  chlorate,  which  has  been  in  very  successful  operation  for  a 
number  of  years,  a  solution  of  potassium  chloride  containing  a  little  potas- 
sium bichromate  is  passed  between  anodes  of  platinum  gauze  supported 
on  a  lead  backing,  and  cathodes  of  copper  in  the  shape  of  rods.  The 
distance  between  anodes  and  cathodes  is  only  1-64  inch.  The  electrodes 
are  kept  apart  by  insulating  knobs  on  the  copper  rods.  The  apparatus 
consists  of  rectangular  wooden  frames,  alternating  with  lead  plates  which 
support  the  platinum  gauze,  packed  together  in  a  frame  like  a  filter  press, 
with  rubber  gaskets  between.    A  great  many  cells  thus  occupy  only  a  very 
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little  space,  the  current  passing  from  one  cell  to  the  next  in  series.  The 
rapid  mixture  of  the  primary  anode  and  cathode  products  is  brought 
about  by  the  hydrogen  bubbles  formed  at  the  cathode  and  the  rapid  circu- 
lation of  the  electrolyte.  The  chloride  solution  enters  the  apparatus  at 
about  20°  C,  it  leaves  it  at  about  70°  C,  carrying  about  3  per  cent  KCIO3. 
It  passes  to  a  refrigerator,  where  the  chlorate  crystallizes  out,  and  after 
resaturation  with  potassium  chloride  and  adjustment  of  the  free  acid  goes 
back  into  process,  the  entire  operation  t)eing  continuous  and  practically 
automatic.  The  temperature  of  the  cell  is  controlled  by  the  rate  of  flow 
of  the  electrolyte. 

Owing  to  the  much  greater  solubility  of  sodium  chlorate,  this  process  is 
not  suitable  for  its  production.  In  the  production  of  sodium  chlorate  an 
electrolyte  of  salt  and  a  little  calcium  h>T3ochlorite  is  used,  and  electrolysis 
is  continued  until  the  sodium  chlorate  has  reached  a  concentration  of 
about  700  grams  per  liter.  The  electrolyte  is  kept  saturated  with  sodium 
chloride  throughout. 


XII 
ELECTROCHEMICAL    INDUSTRIES 

WALTER  S.   LANDIS, 
Assoc.  Prof,  Met,,  Lehigh  Universityy  Bethlehem,  Pa. 

By  industrial  electrochemistry  we  mean  the  application  of  electricitj'' 
to  the  manufacture  of  chemical  compounds.  The  electric  current  may  be 
utilized  in  two  ways:  First,  the  decomposing  effect  of  a  direct  current 
when  passed  through  solutions  or  molten  baths  causes  a  separation  of  the 
same  into  constituents  which  may  be  of  commercial  value  as  such  or  else 
be  easily  converted  into  valuable  products;  second,  the  current  may  be 
used  for  its  heating  effect,  causing  combinations  of  elements  or  compounds 
which  cannot  be  made  to  take  place  in  ordinary  furnaces,  or  which  might 
suffer  contamination  if  made  to  take  place  in  such  furnaces.  We  call  the 
first  tjT)e  of  operations  electrolytic  processes  and  the  second  type  elec- 
trothermal processes. 

Caustic  Soda.  By  far  the  most  important  of  the  first  tj'^pe  of  process 
at  the  present  time  is  the  production  of  caustic  soda  from  common  salt, 
which  has  been  covered  in  the  previous  chapter  together  with  the  produc- 
tion of  chlorine,  hypochlorite,  and  chlorate. 

Pigments.  The  electrolytic  manufacture  of  pigments  has  attracted  a 
great  deal  of  attention,  but  up  to  the  present  time  has  attained  no  great 
prominence  because  of  the  many  unsolved  technical  difficulties.  The 
production  of  white  lead  by  the  electrolytic  dissolution  of  a  lead  anode 
and  subsequent  precipitation  of  the  basic  carbonate  has  been  in  commer- 
cial use,  but  is  now  abandoned.  The  electrolyte  used  consisted  of  a  dilute 
solution  of  sodium  carbonate  to  which  was  added  a  much  larger  portion  of 
a  sodium  salt  whose  acid  radicle  formed  with  the  lead  a  soluble  compound. 
Chlorate  or  nitrate  was  used  for  this  purpose,  it  having  been  found  that 
the  use  of  such  a  salt  in  the  bath  prevented  the  lead  carbonate  formed 
from  adhering  to  the  anode  and  so  insulating  it.  The  caustic  formed  at 
the  cathode  of  the  cell  was  immediately  neutralized  by  the  introduction 
of  a  current  of  carbon  dioxide,  thus  supplying  the  ingredients  used  in  the 
process  directly  as  sheet  lead  anode  and  gaseous  carbon  dioxide.  The 
greatest  difficulty  met  with  in  the  commercial  operation  was  the  dropping  of 
small  pieces  of  undissolved  anode  into  the  deposit  of  white  lead  at  the 
bottom  of  the  cell  which  caused  poor  color.  Another  difficulty  was  the 
crystalline  nature  of  the  deposit  at  times  obtained.     More  study  of  the 
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proper  conditions  for  operating  this  process  must  be  done  to  insure  its 
success.  Lead  chromate  can  also  be  obtained  in  the  same  manner  by 
using  a  bath  of  potassium  dichromate  and  nitrate,  regenerating  the  solu- 
tion with  chromic  acid. 

The  sulphides  of  cadmium,  antimony,  etc.,  have  also  been  made  by  the 
use  of  these  metals  as  anode  in  a  solution  of  sodium  hyposulphite,  though 
the  process  has  never  attained  much  commercial  prominence. 

Electrothermic  Processes 

Calcium  Carbide.  When  lime  and  carbon  are  mixed  together  in  proper 
proportions  and  the  mixture  heated  to  an  extremely  high  temperature  the 
lime  is  reduced  and  the  metallic  calcium  unites  with  the  excess  of  carbon 
present  to  form  the  carbide,  CaCj.  In  genera!  the  electric  arc  is  used  as 
the  source  of  heat,  though  resistance  systems  have  been  more  or  less  suc- 
cessfully employed.     The  reaction  which  takes  place  In  the  furnace  is: 

CaO+3C  =  CaC2+CO. 

This  reaction  would  require  a  mixture  of  875  parts  by  weight  of  lime  to 
563  parts  of  carbon,  though  in  actual  practice  the  proportion  of  carbon 
used  for  the  above  quantity  of  lime  rises  as  high  as  650  parts,  the  excess 
being  consumed  in  other  ways  than  by  the  above  reaction. 

The  original  carbide  furnace  consisted  merely  of  a  basin  into  which 
dipped  two  electrodes  between  which  an  arc  was  sprung,  the  reacting  mix- 
ture being  fed  directly  into  the  arc.  The  melting  point  of  the  carbide  is  in 
the  neighborhood  of  1800°  C,  and  so  the  mass  sets  almost  as  fast  as  formed. 
When  the  basin  was  full  of  set  carbide  the  whole  was  removed  from  under 
the  electrodes,  allowed  to  cool  and  the  carbide  dug  out.  The  operation 
was  thus  an  intermittent  one,  and  rather  low  energy  efficiency  was 
attained.  A  continuous  furnace  has  recently  been  put  into  operation  with 
much  better  results. 

Fig.  164  shows  one  form  of  this  furnace.  It  consists  of  a  ring  mounted 
on  trunnions,  so  as  to  revolve  in  a  vertical  plane.  The  whole  is  made  of 
cast-iron  segments  bolted  together,  each 
piece  having  its  own  individual  lining  of 
carbon.  Hanging  down  between  the  two 
sides  is  a  carbon  electrode  C  forming  one 
terminal  of  the  circuit,  the  other  terminal 
being  the  carbon  lining  of  the  furnace. 
The  mixture  of  carbon  and  lime  is  fed 
into  an  arc   sprung  between  the  electrode  Fia.  IM. 

and  the   furnace  walls.      As   the    carbide 

is  formed  the  furnace  is  revolved  away  from  the  electrode,  making 
space  for  more  product,  cover  plates  A  being  put  on  as  necessary.  As  the 
furnace  revolves  the  material  inside  cools,  and  by  the  time  it  reaches  the 
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side  opposite  the  electrode  is  so  cold  that  the  side  and  cover  plates  on  this 
side  may  be  removed  and  the  carbide  taken  out,  the  side  plates  again 
being  reassembled  at  the  top.  In  this  way  the  furnace  can  be  run  continu- 
ously. Another  form  of  this  furnace  uses  instead  of  the  carbon  lining  of  the 
furnace  for  one  of  the  poles  another  electrode  directed  towards  the  first  one, 
between  which  the  arc  is  sprung  and  the  material  fed.  The  furnace  in  use 
at  Niagara  Falls  is  of  this  latter  tj^e.  It  is  8  ft.  in  diameter,  the  outer  ring 
being  about  24  ins.  deep.  It  revolves  once  in  twenty-four  hours.  With 
an  energy  consumption  of  500  horse-power,  one  furnace  will  produce  2  tons 
of  carbide  per  day.  Only  about  40  per  cent  of  the  heat  equivalent  of  this 
energy  is  absorbed  in  the  reactions. 

Carborundum.  When  silica  is  heated  to  a  very  high  temperature  in 
contact  with  an  excess  of  carbon  a  carbide,  SiC,  is  formed.  This  is  the 
well-known  abrasive  called  carborundum.  The  reactions  by  which  it  is 
made  may  be  represented  as: 

Si02+3C  =  SiC+2CO. 

The  arc  furnace  used  in  the  production  of  calcium  carbide  cannot  be 
employed  in  the  manufacture  of  carborundum,  because  of  the  liability  of 
overheating.  Although  a  high  temperature  is  needed  for  its  formation,  if 
that  temperature  is  exceeded  metallic  silicon  will  be  volatilized  from  the 
formed  carborundum  and  graphite  will  be  left  behind.  It  was  this  acciden- 
tal discovery  that  led  to  the  development  of  the  artificial  graphite  industry 
to  be  described  later.  In  practice  the  carborundum  furnace  consists  of  a 
bed  of  firebrick  16  ft.  long  and  5  ft.  wide  serving  as  a  permanent  foundation. 
The  rest  of  the  furnace  structure,  as  the  end  and  side  walls,  are  laid  dry  and 
torn  down,  and  replaced  with  each  run  of  the  furnace.  The  mixture  with 
which  the  furnace  is  charged,  3.5  tons  of  carbon,  6  tons  of  sand  and  1.5 

tons  of  salt  is  next  shoveled 
on  this  foundation,  carry- 
ing up  with  it  the  side 
walls  as  necessary  for  its 
retention.  Through  the 
center  of  this  mixture  M. 
in  Fig.  165,  is  placed  a  core  of  granulated  carbon  which  serves  as  the 
resistor,  for  the  development  of  the  electrical  heat  in  the  furnace.  The 
ends  of  this  core  are  in  contact  with  the  permanent  end  connections  E 
consisting  of  carbon  bars  between  which  the  copper  conductors  are  laid. 
Such  a  furnace  takes  about  1000  horse-power  and  runs  for  36  hours,  at 
the  end  of  which  time  3  to  4  tons  of  commercial  carborundum  have  been 
made.  After  such  a  run  the  granulated  coke  forming  the  heating  core 
has  been  graphitized,  and  immediately  surrounding  and  in  contact  with  it 
is  a  layer  of  graphite  produced  from  overheating  the  carborundum  first 
formed  there.  Surrounding  this  graphite  is  the  crystallized  carborundum 
in  a  layer  a  foot  or  more  thick,  beyond  which  is  found  the  reduced  and 


Fig.  165. 
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uncrystallized  carbide,  the  partially  reduced  mixture  and  finally  unaltered 
mixture.  The  last  three  products  are  usually  chained  back  into  the  next 
furnace  run,  though  an  attempt  has  been  made  to  utilize  the  partially 
reduced  material  as  a  refractory.  Fig.  166  shows  such  a  furnace  in  opera- 
tion, the  carbon  monoxide  being  ignited  and  burning  as  it  issues  between 
the  bricks  forming  the  side  walls  of  the  furnace. 

Artificial  Graphite.  The  overheating  of  a  carborundum  furnace  led  to 
the  discovery  that  by  suitable  decomposition  of  a  carbide  graphite  is  left 
behind.    Heating  of  pure  carbon  will  not  transform  it  into  graphite,  it 


Fig.  166. 

having  first  to  pass  through  the  state  of  a  carbide,  which  requires  that  some 
metal  or  metallic  oxide  to  be  mixed  with  it.  In  practice,  anthracite  carry- 
ing 8  to  10  per  cent  a.sh,  uniformly  distributed  through  it,  is  used  for  the 
furnace  charge.  It  may  l>e  either  moulde<l  into  shape  first  and  then 
graphitized,  or  else  graphitized  in  powdered  form  and  then  used  for  all 
purposes  of  ordinary  graphite.  It  is  practically  pure,  running  over  09..^ 
per  cent  graphite,  all  the  other  impurities  having  l>een  volatilized  at  the 
temperature  of  the  furnace.  Fig.  167  shows  the  furnace  used  for  graphitiz- 
ingsmall  carbon  electrodes.  These  small  electrodes  are  packed  transversely 
into  the  furnace,  which  bears  some  resemblance  to  the  carborundum  fur- 
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nace.  Between  the  piles  of  electrodes  thin  layers  of  granular  carbon  are 
inserted  and  the  whole  furnace  covered  over  with  carl>orundum  residue. 
The  current  is  led  in  through  the  massive 
electrodes  at  the  end  and  traverses  both 
the  pile  of  electrodes  and  the  granular 
packing.  The  major  portion  of  the  heat 
Fig.  167,  is  generated  in  the  granular  portion  of 

the  circuit.  Such  a  furnace  b  15  ft. 
long  and  consumes  1000  horse-power,  the  run  l>eing  about  20  hours. 
Both  the  carborundum  furnace  and  the  graphite  furnace  are  the  inven- 
tion of  Mr.  E.  G.  Acheson,  of  Niagara  Failn,  N.  Y. 

Ozone  and  Nitric  Acid.     The  passage  of  a  current  of  air  through  a  nar- 
row space  between  two  metallic  conductors  connected  to  the  terminals  of 


Fig.  168. 

a  high  tension  alternating-current  circuit  tends  to  transform  the  oxygen 
present  into  ozone  through  the  medium  of  the  silent  electric  discharge 
taking  place  through  the  current  of  air.  This  ozone  is  now  rapidly  making 
a  field  of  usefulness  for  itself  in  the  sterilization  of  drinking  water.  A 
plant  for  the  sterilization  of  2700  gallons  of  water  per  hour  by  this  system 
is  shown  in  Fig.  168.  This  plant  uses  the  Siemens  and  Halske  system  of 
generation,  the  ozone  cells  being  the  two  rectangular  boxes  on  the  top  of 
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the  shelf.  Each  box  contains  a  series  of  glass  tubes  lined  with  tin  foil, 
inside  of  which  is  a  concentric  tube  covered  with  tin  foil.  Carefully  dried 
air  is  passed  between  the  two  metallic  surfaces  which  are  connected  with 
the  high-tension  circuit. 

Fixation  of  Nitrogen.  The  passage  of  a  current  of  air  through  an 
electric  arc  causes  the  combination  of  the  nitrogen  and  the  oxygen  to  form 
one  of  the  oxides  of  nitrogen,  which  may  readily  be  converted  into  nitric 
acid  or  into  a  salt  of  this  acid.  But  one  commercial  plant  is  at  present 
in  operation  for  the  manufacture  of  this  acid  from  air.  This  is  in  Norwaj^ 
and  uses  the  Birkeland-E^'de  apparatus.  An  arc  is  sprung  between  special 
terminals  of  an  alternating-current  circuit  and  forced  to  take  a  broad  flat 
form  by  means  of  suitable  electro-magnets.  Through  this  arc  the  air  is 
passed.     The  nitrous  oxides  are  collected  in  suitable  absorbing  towers. 

It  must  not  be  supposed  that  the  preceding  processes  represent  a 
complete  list  of  electrochemical  industries.  The  application  of  electricity 
to  industrial  chemistry  is  so  recent  and  competition  so  active  that  there 
are  many  more  applications  which  are  in  process  of  development.  The 
changes  in  this  field  are  so  rapid  that  what  appears  standard  practice  to-day 
may  be  obsolete  to-morrow.  The  descriptions,  however,  of  the  better 
developed  and  applied  processes  will  serve  at  least  to  give  some  ideas  of 
the  convenience  of  the  electric  current  in  certain  lines  of  work. 

Cyanamide.  Nitrogen  is  absorbed  by  hot  calcium  carbide  forming 
what  is  known  in  the  trade  as  cyanamide.  The  reaction  involved  in 
the  absorption  is  a  reversible  one,  reading  as  follows: 

CaC2+N2i=±CaCN2+C. 

This  industry  is  making  rapid  strides,  there  being  some  fourteen  plants 
in  operation  throughout  the  world,  the  bulk  of  the  product  being  con- 
sumed in  the  fertilizer  industry. 

Calcium  carbide  is  first  made  from  lime  and  carbon  by  the  usual 
electric  furnace  process.  This  carbide  is  then  finely  ground  and  the 
powdered  material  charged  into  a  special  form  of  electric  furnace  where 
it  is  kept  at  1000°C.  Pure  dry  nitrogen,  produced  either  by  the  copper 
oxide  or  the  Linde  process  is  then  passed  over  the  hot  carbide  and  is 
there  absorbed.  Starting  with  a  carbide  containing  75-80  per  cent 
calcium  carbide,  from  80-90  per  cent  of  the  theoretical  amount  of 
nitrogen  will  be  absorbed,  the  resulting  product  being  a  grayish-black 
mass  of  cyanamide,  carbide,  and  lime.  It  contains  on  the  average  20 
per  cent  nitrogen. 

The  American  fertilizer  manufacturers  require  that  the  material  be 
freed  from  undecomposed  carbide  and  free  caustic  lime  before  they  can 
use  it.  The  product  is  therefore  hydrated  in  specially  designed  rotary 
mixing  apparatus  before  appearing  upon  the  market.  This  hydrated 
material  is  sold  in  the  United  States  under  the  names  nitrolime  or  Kme- 
nitrogen. 
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If  cyanamide  is  treated  with  superheated  steam  its  nitrogen  content 
is  evolved  as  ammonia,  according  to  the  reaction: 

CaCN2+3H20  =  CaC03+2NH3. 
When  treated  with  cold  water  dicyandiamid  is  formed: 

2CaCN2+4H20=2Ca(OH)2+(CNNH2)2. 

When  fused  with  common  salt  sodium  cyanide  is  formed.  All  of 
these  three  last  described  derivatives  are  becoming  of  greater  import- 
ance as  a  consimier  of  cyanamide  each  year. 

Iron  and  Steel.  This  industry  probably  represents  the  largest  present 
<levelopment  of  the  electrometallurgical  industries.  It  is  treated  in 
<letail  elsewhere. 

Aluminium.  It  has  not  proven  commercially  possible  to  reduce  the 
oxide  of  aluminium,  AI2O3,  by  heating  with  carbon.  Instead  of  the 
metal  a  carbide  is  formed.  Electrolysis  of  the  oxide  dissolved  in  a  melted 
bath  of  the  double  fluoride  of  aluminium  and  sodium  to  which  some 
calcium  fluoride  is  added  is  used  universally  in  the  extraction  of  this 
metal.  Aluminium  as  demanded  by  the  trade  must  be  of  a  high  degree 
of  purity,  and  as  the  usual  impurities,  silicon,  titanium,  and  iron  are 
less  readily  oxidizable  than  the  alimiinium  itself  the  usual  furnace 
methods  of  purification  by  oxidation  are  not  applicable  in  the  case  of 
this  metal.  Instead  the  bath  and  everything  entering  into  it  must  be 
most  carefully  freed  of  all  foreign  elements,  so  that  the  metal  as 
extracted  will  meet  the  exacting  demands  of  the  trade. 

The  chief  source  of  alumina  is  bauxite,  analyzing 

France.  Arkansas. 

AI2O3 75.0%  55.59% 

Si02 1.0  10.13 

Fe203 12.0  6.08 

H2O 12.0  28.99 

Three  processes  may  be  used  for  the  extraction  of  the  pure  alumina 
from  this  raw  material. 

(1)  Fusion  Process.  Bauxite  is  fused  in  a  reverberatory  furnace 
with  sodium  carbonate  forming  sodium  aluminate.  The  fused  mass  is 
leached  with  hot  water,  filtered,  the  alumitia  precipitated  from  the 
filtrate  by  carbon  dioxide  and  dried  for  use  in  the  electrolytic  pots. 

(2)  Bayer  Process.  Finely-ground  and  lightly-calcined  bauxite  is 
agitated  with  a  strong  solution  of  caustic  soda  in  a  closed  vessel  imder 
steam  pressure.  The  alumina  passes  into  solution  as  sodium  alumiaalie 
and  the  impurities  remain  insoluble.  The  filtered  solution  is  run  off 
into  tall  cylindrical  vessels  provided  with  stirring  apparatus,  a  smstll 
amount  of  freshly-precipitated  alumina  is  added  and  the  whole  stirred. 
In  thirty  hours  about  70  per  cent  of  the  alumina  in  solution  will 
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precipitated  itself  by  hydrolysis,  the  caustic  solution  being  regenerated 
and  ready  for  use  again. 

(3)  Hall  Process.  Bauxite  is  fused  in  an  electric  furnace  with  just 
sufficient  carbon  to  insure  reduction  of  the  impurities,  silica,  titanic 
acid  and  ferric  oxide.  The  alumina  is  not  affected.  By  repeating  this 
operation  the  product  obtained  is  pure  enough  for  many  grades  of 
aluminium. 

The  fused  bath  used  for  dissolving  the  aliunina  was  originally  cryolite, 
NasAlFe.  This  has  later  been  modified  by  the  addition  of  other  salts 
designed  to  reduce  its  melting-point  and  make  it  lighter  in  weight.  A 
typical  bath  consists  of  2AlF3«6NaF-3CaF2,  though  details  of  the  bath 
composition  are  kept  secret  in  many  plants. 

The  vessels  used  for  containing  the  fused  bath  are  rectangular  iron 
boxes  8  ft.  long,  4  ft.  wide,  and  about  2  ft.  deep,  made  of  sheet  steel 
stiffened  by  angles.  The  inside  is  filled  with  a  baked  mixture  of  tar 
and  carbon  from  which  a  cavity  is  scooped  out  in  the  middle  for  holding 
the  actual  fused  bath.  Above  is  suspended  four  rows  of  ten  each  carbon 
electrodes,  3  ins.  in  diameter,  fastened  into  rods.  These  electrodes 
slide  up  and  down,  being  held  to  the  positive  current  terminal  by  screw 
clamps  over  the  rods. 

The  bath  is  fused  in  the  cavity  and  alumina  stirred  in.  The  dissolved 
alumina  is  decomposed  by  the  electric  current,  melted  aluminium  being 
plated  out  on  the  bottom  of  the  cavity  from  which  it  can  be  tapped  as 
desired.  Oxygen  appears  at  the  carbon  anodes  suspended  above  and 
consumes  part  of  the  carbon  to  carbon  monoxide.  The  fused  fluoride 
bath  itself  is  not  decomposed  as  long  as  alumina  is  added  as  the  bath 
becomes  exhausted.  • 

Such  a  pot  is  supplied  with  10,000  amperes  of  current,  the  resistance 
offered  to  the  passage  of  the  current  serving  to  supply  all  the  heat 
necessary  to  keep  it  melted.  As  long  as  alumina  is  present  in  the  bath 
the  E.M.F.  across  the  cell  varies  between  7.5  and  8  volts;  as  soon  as  the 
alumina  is  exhausted  the  voltage  across  the  cell  rises  to  16-20  volts,  this 
rise  in  voltage  being  made  to  actuate  a  warning  signal  that  the  pot 
needs  more  alumina  stirred  into  the  bath. 

Calcium.  Calcium  is  produced  by  the  electrolysis  of  a  fused  calcium 
chloride  bath.  The  calcium  is  plated  out  in  the  solid  state  and  with- 
drawn from  the  bath  in  the  form  of  a  rod  as  fast  as  isolated. 

Sodium  and  F^otassitun.  These  metals  are  produced  by  the  electrolysis 
of  a  fused  caustic  bath  of  the  corresponding  metal.  The  melted  hydrates 
have  great  solvent  power  for  the  metals  and  therefore  it  is  necessary  to 
perform  the  electrolysis  within  20°  of  the  melting-point  of  the  hydrate, 
if  a  satisfactory  current  efficiency  is  to  be  attained.  In  the  production 
of  sodium  the  current  efficiency  is  rarely  above  45  per  cent.  The  metal 
is  liberated  at  the  cathode,  floats  to  the  surface  of  the  bath,  and  is  there 
drawn  off  through   a  trap. 
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Electrolytic  Refining  of  Impure  Metals.  Copper,  Copper  as  pro- 
duced by  the  Bessemerizing  of  copper  matte  contains  a  number  of 
deleterious  foreign  substances  together  with  silver  and  gold.  Among 
these  substances  may  be  enumerated:  CU2S,  CU2O,  Au,  Ag,  Pt,  Fe,  Ni, 
Co,  As,  AS2O3,  Sb,  Sb203,  Bi,  Bi203,  Se,  Te.  For  economical  reasons, 
it  is  advisable  to  separate  the  precious  metals  from  the  copper  and  the 
electrical  industry  requires  copper  oi  almost  absolute  purity,  hence  some 
means  of  refining  copper  to  remove  these  substances  must  be  used.  The 
most  effective  means  is  by  electrolytic  refining.  The  crude  copper  is 
given  a  partial  refining  in  a  furnace  and  is  then  cast  into  thin  flat  plates 
or  anodes  for  the  electrolytic  treatment.  These  plates  are  suspended  in 
a  bath  gf  copper  sulphate  and  sulphuric  acid  and  a  direct  current  passed 
from  the  crude  metal  plates  to  others  called  cathodes  (see  later).  Under 
this  treatment  the  impurities  in  the  anodes  behave  as  follows: 

CU2S  and  CU2O  drop  to  the  bottom  as  the  copper  is  dissolved  out 
around  them  and  slowly  pass  into  solution.  As  and  AS2O3  partly  dissolve 
through  the  action  of  the  current  and  partly  drop  to  the  bottom,  slowly 
passing  into  solution.  Sb  and  Sb203  partly  pass  into  solution  and  partly 
into  insoluble  basic  salts.  Bi  and  Bi203  pass  into  solution  and  are  pre- 
cipitated out  as  basic  salts.  Au,  Ag,  Pt,  Se,  Te  are  not  dissolved  by  the 
current  and  drop  to  the  bottom  of  the  tanks  as  a  mud  or  slime.  Fe, 
Ni  and  Co  pass  into  solution  and  are  not  plated  out  if  copper  is  present 
in  the  solution.  Arsenic  is  not  plated  out  as  long  as  the  solution  contains 
free  sulphuric  acid.  In  this  way  we  get  nothing  but  copper  plated  out 
on  the  cathode,  the  impurities  either  collecting  in  the  slime  at  the  bottom 
of  the  tank  or  in  the  solution;  it  is  necessary  to  remove  and  purify  the 
electrolyte  at  intervals. 

In  practice  the  electrolytes  used  contain  from  10-15  per  cent  copper 
sulphate  and  5-15  per  cent  sulphuric  acid.  Since  one  ampere  of  current 
flowing  from  an  anode  to  a  cathode  only  plates  out  or  dissolves  one  ounce 
of  copper  in  a  day  and  it  is  not  possible  with  the  above  electrolytes  to 
use  a  current  density  of  over  15-20  amperes  per  square  foot  of  cathode 
surface  without  danger  of  forming  rough  plating  and  consequent  danger 
of  short  circuits,  we  can  readily  see  that  a  refinery  of  any  great  output 
must  use  enormous  electrode  surfaces.    This  has  led  to  the  development 

of  two  systems  of  connecting  the 
plates  up  in  the  electrolytic  tanks, 
the  series  and  the  multiple. 

In  the  series  system,  Fig.  169,  a 
number  of    copper   anodes  are  sus- 
pended in  the  bath  about  J  to  J  in. 
apart,  only  the  two  end  ones  being 
connected  with  the  source  of  current  as  shown.    The  current  dissolves 
copper  from  the  first  plate  and  deposits  it  on  the  near  side  of  the  next 
plate;   the  other  side  of  second  plate  is  dissolved  and  plated  out  on  the 
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near  side  of  the  third  plate  and  so  on  through  the  tank.  When  the 
anode  is  nearly  consumed  it  is  mechanically  separated  from  the  deposit 
of  pure  copper  on  its  back.  This  system  is  not  in  very  general  use, 
although  the   largest  refinery   in  the   world  is   equipped  with   it. 

In  the  multiple  system,  Fig.  170,  1 
the  anodes  and  cathodes  are  arranged 
alternately,  all  the  anodes  being 
connected  to  the  positive  source  of 
current  and  the  cathodes  to  the  nega- 
tive. The  cathodes  are  thin  sheets 
of  electrically  precipitated  copper 
made  in  special  tanks  by  plating  copper  on  greased  lead  plates  from 
which  it  is  stripped  by  hand. 

Lead.  Lead  is  refined  by  suspending  the  impure  lead  as  anode  in  a 
bath  consisting  of  18-20  per  cent  lead  fluo-silicate  and  8  per  cent  fluo- 
silicic  acid  to  which  a  little  gelatine  or  glue  has  been  added.  Lead, 
zinc,  nickel,  and  iron  go  into  solution  and  lead  and  tin  only  plate  out 
if  the  solution  is  kept  pure.  The  impurities  for  the  most  part  remain 
as  a  sponge  sticking  to  the  anode. 

Silver.  For  alloys  containing  above  90  per  cent  silver  with  small 
amounts  of  copper  and  gold  the  electrolyte  used  is  a  solution  of  2-4 
per  cent  copper  nitrate  in  1  per  cent  nitric  acid.  Silver  and  copper 
pass  into  solution  under  the  influence  of  the  electric  current  and  silver 
alone  is  deposited  with  the  low  current  density  of  18  amperes  per  square 
foot  employed  in  practice.  The  gold  settles  out  as  a  mud  in  the  bottom 
of  the  tanks.  On  account  of  the  silver  precipitating  on  the  cathode  as 
loose  crystals  mechanical  means  must  be  taken  to  prevent  cr^'stal-grov/ths 
from  short-circuiting  the  cell. 

Gold.  For  alloys  very  high  in  gold  and  containing  but  small  amounts 
of  silver  and  platinum  the  electrolyte  used  is  a  solution  of  auric  chloride 
in  hydrochloric  acid.  Gold  dissolves  and  is  plated  out  on  the  cathode, 
while  the  silver  and  platinum  remain  behind  in  the  slimes. 

Nickel  and  Bismuth.  These  metals  are  at  present  being  electrolyti- 
cally  refined  by  suspending  the  impure  metals  as  anodes  in  chloride  baths. 
No  details  of  the  processes  are  available. 
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Mortar  materials  may  be  classified  according  to  their  properties,  meth- 
ods of  manufacture  and  materials  from  which  they  are  made,  as  follows: 

Common  Limes  are  made  by  burning  relatively  pure  limestone.  When 
mixed  with  water  they  slake  and  show  no  hydraulic  properties. 

Hydraulic  Limes  are  made  by  burning  impure  limestone  at  low  tem- 
peratures.    They  slake  with  water,  but  show  hydraulic  properties. 

Natural  Cements  are  made  by  burning  impure  limestones  at  a  low  tem- 
perature (insufficient  to  vitrify).  They  do  not  slake  with  water,  but 
require  to  be  ground  in  order  to  convert  them  into  a  hydraulic  cement. 

Portland  Cement  is  made  by  heating  to  incipient  vitrification  an  inti- 
mate mixture  of  argillaceous  and  calcareous  substances,  which  product 
does  not  slake  with  water,  but  upon  grinding  forms  an  energetic  hydraulic 
cement. 

Puzzolan  Cements  are  formed  by  incorporating  slaked  lime  with  finely 
ground  slag  or  volcanic  ash  or  by  incorporating  Portland  cement  clinker 
with  suitably  treated  slag  and  grinding  intimately  the  mixture. 

Plasters  are  made  by  heating  gypsum  sufficiently  to  drive  off  three- 
fourths  or  all  of  the  combined  water,  which  it  contains,  and  grinding  finely 
the  dehydrated  residue. 

The  diagram  below  will  explain  the  above  classifications,  while  Table 
I  shows  the  composition  of  these  various  materials. 

TABLE   I.— ANALYSIS  OF   VARIOUS  MORTAR  MATERIALS* 


Material. 

Lime 

Lime 

Lime 

Lime 

Hydratedliroe.  .  . 
Hydrated  lime .  . , 
Hydraulic  lime.  . . 
Hydraulic  lime .  . . 
Plaster  of  Paris  . . 
Plaster  of  Paris  . . 
Natural  cement.  . 
Natural  cement.  . 


From. 

Glencoe,  Mo 

York,  Pa 

McNeil.  Tex 

Tiffin,  Ohio 

Union  Bridge,  Md.  . 

Carey,  Ohio 

La  Farge  Cement .  . 

Tiel,  France 

Nova  Scotia 

Buffalo,  N.  Y 

Cumberand,  Md  .  .  . 
Rosendale,  N.  Y . . .  . 


SiO*    I  Fc,0« 


AUOs 


0.15 

0.52 

0.25 

1.61 

0.38 

0.34 

31.10 

19.05 

0.11 

2.48 

29.92 i 

27.75 


0.85 
0.24 
0.15 
0.17 


0.08 
0 
2.15 
0.55 
0.01 
0.32 
4.78 
4.28 


0.06 

18 
4.43 
1.60 
0.03 
0.40 

11.23 
5.50 


CaO 

MgO 

SOi 

CCt 

98.01 

0.45 

0.55 

97.14 

1.28 

0.96 

97.46 

0.73 

1.41 

57.44 

40.36 

0.41 

72.59 

0.74 

2.10 

45.37 

31.20 

3.02 

58.38 

1.09 

0.60 

1.28 

65.10 

0.65 

0.30 

•   ■   ■  • 

38.90 

0.14 

54.81 

0.54 

37.81 

0.39 

53.12 

0.61 

36.50 

11.93 

•   «    •   ■ 

5.42 

35.61 

21.18 

0.60 

4.05 

H,0 


23.11 
20.07 

•   •   ■   • 

12.45 
5.33 
4.98 


^  From  Meade's  "Portland  Cement.' 
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DIAGRAM   OF   LIMES   AND   CEMENTS 


Raw  MaterialB. 

1 

t 

ClaBaification. 

Made  from  rel- 
atively    pure 
limestones. 

Burned  at   low 
temperatures. 
600°-900°  C. 

Slake  on   addi- 
tion of  water 
to  burned 
product. 

Not  hydraulic. 

1 

1 .  Common  lime» 

Made  from  argil- 
laceous or  im- 
pure lime- 
stone. 

Do  not  slake  on 
addition    of 
water,  but 
must  be  ground 
finely  for  use. 

Hydraulic. 

2.  Hydraulic 

limes. 

3.  Natural     Ro- 
man or  Rosen- 
dale  cement. 

Made    from    an 
intimate  mix- 
ture of  argil- 
laceous   and 
calcareous 
substances  in 
proper     pro- 
portions. 

Burned  at  high 
temperatures. 
600°-1200°  C. 

4.  Portland 
cement. 

Made  f  rt)m  mix- 
tures of  slaked 
lime      and 
blast-furnace 
slag   or   vol- 
canic ash. 

Not  burned. 

5.  Slag  or  puz- 
zolan  cements. 

Made  from  gyp- 
sum. 

Burned  at  from 
165^-200°  C. 

Not  hydraulic 

6.  Plasters. 

TABLE  II— ANALYSIS  OF  MATERIALS   USED   FOR   MANUFACTURE  OF 

LIME   AND  CEMENT 


Material. 


Limestone . . . 

Limestone. . . 
Limestone. . . 

Marl 

Cement  Rock 
Cement  Rock 

Clay 

Clay 

Cement  Rock 

Limestone,  .  . 
Limestone. . . 
Oyster  Shells. 


From 


Annville,  Pa. 


Glens  Falls,  N.  Y. 

Mitchell,  Ind 

Bronson,  Mich.  .  . 
Nazareth,  Pa.  .  .  . 
Martin's  Creek,  Pa 
Alpena,  Mich.  .  . . 

Suisun,  Cal 

Rondout,  N.  Y. . . 

Union  Bridge,  Md 
Woodville,  O.  .  .  . 
Long  Island  Sound 


SiO,. 

FeiOj, 
AUOj. 

CaO. 

MgO. 

0.36 

0.45 

54.45 

0.54 

3.30 

1.30 

52.15 

1.58 

0.74 

0.13 

52.94 

1.87 

1.78 

1.21 

49.55 

1.30 

13.44 

6.60 

41.84 

1.94 

11.11 

6.31 

42.51 

2.89 

61.09 

26.97 

2.51 

0.65 

58.44 

26.50 

1.70 

1.88 

15.37 

11.38 

25.50 

12.35 

0.89 

0.47 

54.68 

0.32 

0.78 

0.48 

31.15 

20.78 

3.30 

0.25 

52.14 

0.25 

1 

CO,. 


SO] 


43.24 

40.98 
43.68 
40.35 
32  .94 
36.57 


34.20 

43.44 
45.76 
41.61 


1.42 


Used  for 


Portland 
Cement 


i  t 
<  t 


Natural 

Cement 

Lime 
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TABLE  III— ANALYSIS   OF  PORTLAND   CEMENTS* 


Where  Made. 

1  New  Jersey. . 

2  Peima 

3  Michigan  . . . . 
■1  Ohio 

5  Virginia 

6  Missouri 

7  Fenna.' 

8  Illinois 

0  Germany 

10  6el(!iuin 

11  France 

12  England 

13  Gennany'. . . 

I  From  Mesde'i 


Limestone  and  clay  I 

I 

Blast  Furnace  slag  and 


.  Iron  ore  and  limcstoii 


j  2.45 
li2.81 


]  62. 111!  2.71  1.02 

r  60.2J|  2.78  1.38 

I  62.18|  1.12  1.21 

I  M.O!!'  1.16  1,50 

1  &3.0r2,71  1.42 

i  63.-l7'0,88  1.34 

*  64.12'  1  541  1,50 


2. OS 
2,01 

1.81 
2-!)2 


8,12  « 
;    7.28  C 

6  91  « 
I    8,50  E 

7.48  E 


1.04  i  0,8 

0,45  I  0.7 
1.38,  0.9 


I  i 


TeMik  Streogih  i 
Siuare  1 

Po 

undjpcr 

Ne... 

1  to3. 

; 

.U!l;l 

sb'i? 

15 

sie'iiiiMo: 

le 

»3 

353.401 «» 

le 

2W 

(52  385,395 

!! 

- 

1) 

186 

^     1 

no. 

Lime.  Lime,  when  good,  is  nearly  pure  calcium  oxidp,  CaO,  or  a  mix- 
ture of  calcium  and  magnesium  oxides.  High  calcium  limes  are  stronger 
than  those  containing  considerable  percentages  of  magnesia.  They  are 
also  better  suited  for  mortar  work,  as  they  slake  more  readily.  Mag- 
nesium limes,  on  the  other  hand,  are  better  finishing  limes,  because  they 
work  smoother  under  the  trowel.  Pure  lime,  whether  magnesium  or  not, 
is  snow  white.     A  very  small  percentage,  however,  of  certain  impurities 
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may  give  the  lime  a  gray  or  yellow  color.  These  impurities  are  chiefly 
iron  and  manganese.  Through  certain  methods  of  burning  the  ash  of  the 
fuel  may  be  introduced  into  the  lime,  causing  discoloration.  Wood- 
burned  time  is  usually  much  whiter  than  lime  burned  with  coal. 

Lime  is  made  by  burning  limestone  in  suitable  furnaces  at  a  tempera- 
ture sufficient  to  drive  off  all  of  its  carbon  dioxide,  the  reaction  being 
CaCOa  =  CaO-|-C02.  Theoretically,  2350  calories  per  gram  of  lime  are 
required  to  produce  this  change.  This  temperature  is  between  600"  and 
900°  C.  If  a  temperature  much  above  1200°  C.  is  employed,  the  lime  will 
be  partially  fused  on  the  outside  of  the  lumps.  This  causes  the  lime  to  be 
very  slow  in  slaking,  which  is  undesirable,  as  sonic  of  it  may  escape  hydra- 
tion in  the  mortar  box  and  later  will  expand,  or  what  is  technically  termed 
"  blow  "  or  "  pop  "  in  the  wall.  This  latter  manifests  itself  in  small 
blisters  in  the  finished  work. 

Intermittent  Kilns.  The  types  of  kilns  ordinarily  employed  in  burning 
lime  may  be  divided  into  two  classes — intermittent  kilns  and  continuous 
kilns.  The  intermittent  kilns  are 
primitive  and  uneconomical.  They 
are,  however,  frequently  used  by 
farmers  and  other  small  producers  of 
lime.  Fig.  171  shows  such  a  kiln. 
These  kilns  are  usually  made  of  lai^e 
blocks  of  the  limestone  itself,  though 
sometimes  brick  is  used.  The  kilns  are 
usually  located  on  the  side  of  a  hiil  in 
order  that  the  top  may  be  accessible  for 
charging  by  wagons  and  the  bottom 
for  drawing  the  lime  and  supplying  the 
fuel.  In  charging  the  kilns  an  arch  of 
large  blocks  of  limestone  is  built  2  or 
3  ft,  from  the  ground,  numerous  small  Fia.  171, 

openings  being  left  in  it  through  which 

tjie  flames  may  pass  to  the  interior  of  the  kiln.  The  fire  m  built  under  the 
arch,  and  on  the  top  of  the  latter  the  limestone  is  piled,  the  charge  usually 
consisting  of  stone  from  2  to  8  ins.  in  diameter.  After  the  kiln,  is  full,  a 
lire,  usually  of  wood,  is  started,  and  the  temperature  gradually  raised  to 
prevent  the  limestone  arch  from  crumbling.  After  about  six  or  eight 
hours  the  temperature  is  raised  to  a  red  heat  and  maintained  at  this  tem- 
perature for  about  two  days.  The  kiln  and  contents  are  then  allowed  to 
cool  and  the  lime  drawn  by  pulling  down  the  arch.  There  is  a  great  waste 
of  heat  and  time  in  these  kilns,  owing  to  the  fact  that  the  kiln  must  be 
cooled  and  reheated  each  time  it  is  charged.  Old  kilns  of  this  sort  can  usu- 
ally be  seen  in  any  of  the  limestone  farming  regions. 

Continuous  Kilns.  Three  different  types  of  continuous  kilns  are 
employed:    these  are,  (1)  the  vertical  kiln  with  mixed  feed,  in  which  the 
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limestone  and  fuel  are  charged  in  altern&te  layers.  (2)  The  vertical  kiln 
with  separate  feed,  in  which  the  limestone  and  fuel  are  not  brought  in 
contact,  and  (3)  the  chamber  or  ring  kiln. 

Vertical  Eilns.    Vertical  kilna  with  mixed  feed  are  very  similar  to 

intermittent   kilns,  except  that  they  are  provided  with  an  arrangement 

whereby  the  lime  may  be  drawn  at  regular  intervals  from  below.     They  are 

also  usually  somewhat  larger  than  intermittent  kilns.     Like  the  latter,  they 

are  built  on  the  side  of  a  hill,  usually  of  limestone  blocks,  and  are  sometimes 

lined  with  firebrick.     In  charging  them,  first  a  layer  of  anthracite  coal  or 

coke  and  then  alayerof  limestone 

is  fed  into  the  top.  Fire  is  started 

at  the  bottom  and  works  its  way 

up.    The  process  of  charging  and 

drawing  the  lime  is  continuous. 

These  kilns  are  economical  and, 

for  the  same  size  kiln,  yield  a 

larger  quantity  of  product  than  do 

the  vertical  kilns  with  sejtarate 

feed.   On  the  other  hand,  the  lime 

is  contaitiinatod  by  ash  of  the  fuel, 

and  the  lime    burncil    in   these 

kilns  must  l)e  carefully  sorted  in 

order   to  discard  those  lumps  to 

which  the  fuel  ash  has  ailhcred. 

The  vertical  kiln  with  separate 
feed  usually  consists  of  a  steel 
cylinder  lined  with  firebrick. 
These  arc  equijiped  with  two  fire- 
places for  the  burning  of  the  fuel, 
which  are  built  into  the  sides  of 
the  kiln,  so  that  the  fuel  i,s  not 
mixed  with  the  stone.  The  hot 
gases  of  combustion  pass  fhorn  the 
fire-box  into  the  kiln,  while  the  fe-^h 
Fig.  172.  of  the  fuel  drops  through  the  grate 

bars  into  an  ash  pit  below,  'and 
does  not  mix  with  the  lime.  The  kilns  are  usually  constructed  with  hopper- 
shaped  cooling  chamber,  set  below  the  fire-box,  which  is  closed  by  <loors  at 
the  bottom.  The  cooling  chamber  holds  about  one  draw  of  lime.  Fig.  172 
shows  such  a  kiln.  These  kilns  are  from  6  to  10  ft.  in  cross-section,  and 
from  40  to  50  ft.  in  height.  They  are  usually  charged  by  employing  an 
incline  and  a  cable  hoist,  by  means  of  which  the  cars  of  limestone  are  drawn 
from  the  quarry  to  the  top  of  the  kilns.  These  kilns  are  sometimes  provided 
with  steel  stacks  in  order  to  induce  a  better  draft,  as  it  has  been  found  that 
the  better  the  draft  the  greater  facility  with  which  the  lime  can  be  burned. 
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Wood  and  coal  are  employed  for  burning  with  these  kilns.  Wood  is 
the  best  fuel  for  burning  lime,  as  the  wood  bums  with  a  longer  flame  of 
comparatively  low  temperature.  This  is  an  advantage,  as  it  is  essential 
that  the  heating  should  be  conducted  at  a  considerable  distance  inside  the 
kiln  without  the  temperature  at  the  mouth  of  the  fire-box  being  too  high. 
The  steam,  which  the  wood  introduces,  also  seems  to  be  beneficial,  and 
indeed  some  manufacturers  prefer  to  use  green  wood  because  of  the  greater 
quantity  of  steam  which  it  introduces.  Wood-burned  lime  is  whiter  than 
that  burned  with  coal. 

Where  coal  is  employed  as  a  fuel,  it  is  customary  to  wet  this  latter. 
A  steam  jet  is  also  often  employed,  being  inserted  below  the  fire-box. 
The  steam  passing  through  the  hot  bed  of  coals  is  decomposed  into  hydro- 
gen and  carbon  monoxide  as  follows:  H20+C  =  H2+C0.  This  gas  is 
burned  in  the  kiln  itself,  and  hence  carries  the  heating  zone  further  into 
the  latter.  In  order  to  increase  the  length  of  the  flame  where  coal  is 
employed,  the  Eldred  system  has  been  devised  and  patented.  This  con- 
sists of  drawing  off  part  of  the  spent  gas  from  the  top  of  the  kiln  and  insert- 
ing this  under  the  grate  bars.  This  is  rich  in  carbon  dioxide,  and  conse- 
quently will  not  support  combustion.  The  effect  is  therefore  to  retard 
combustion  and  also  to  form  carbon  monoxide  by  decomposition  of  the 
carbon  dioxide,  as  follows:  C02+C  =  2CO.  This  carbon  monoxide 
burns  in  the  kiln.  Natural  gsus  has  also  been  used  as  a  fuel,  and  producer 
gas  is  now  being  introduced  to  some  extent.  Considerable  advantage  is 
claimed  for  both,  owing  to  the  fact  that  the  lime  is  not  discolored  by  impuri- 
ties, and  also  that  these  gases  burn  with  a  longer  flame.  The  use  of  gas 
also  saves  the  labor  of  stoking  the  grates.  These  kilns  require  from  500 
to  1000  lbs.  of  coal  per  ton  of  lime  produced. 

Ring  Bjln.  The  chamber  or  ring  kiln  is  employed  to  some  extent 
abroad,  but  has  not  been  used  in  this  country.  It  consists  of  a  series  of 
chambers  which  are  built  about  a  central  stack  and  connected  to  the  latter 
by  flues.  These  chambers  are  alternately  charged  with  fuel  and  limestone. 
Any  chamber  may  be  diconnected  from  the  flue  at  will  and  also  separated 
from  those  before  and  after  it  by  partitions.  As  a  chamber  burns  out,  it 
is  disconnected,  the  lime  removed  and  the  chamber  recharged.  As  a 
chamber  is  charged  it  is  connected  with  the  stack  and  the  flames  passed 
through  all  the  other  chambers  to  this  one,  and  thus  to  the  stack.  These 
kilns  are  economical  of  fuel,  but  require  considerable  labor.  (See  Chap.  IV.) 

Hydrated  Lime.  When  lime  is  treated  with  water  it  combines  with 
the  water  to  form  calcium  hydroxide,  CaO-f-H20  =  Ca(OH)2.  If  the 
lime  is  free  from  impurities,  it  will  take  up  32.1  per  cent  of  its  own  weight 
of  water.  A  less  amount  of  water  than  the  theoretical  quantity,  however, 
is  required  to  thoroughly  hydrate  lime,  because  of  the  impurities  that  are 
always  found  to  a  greater  or  less  extent  in  all  commercial  limes.  Until 
very  recently,  lime  was  always  hydrated  or  slaked  by  the  mason  just 
preparatory  to  its  use.     An  excess  of  water  was  always  used,  and  the  cal- 
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cium  hydroxide  formed  with  this  a  wet  mass  called  lime  putty.  Recently, 
mechanical  means  of  hydration  have  been  introduced  whereby  the  lime  is 
hydrated  by  the  manufacturer  with  just  sufficient  water  to  form  the 
hydrate,  leaving  none  in  excess.  This  hydrated  lime  is  a  fine  dry  powder, 
practically  all  of  which  will  pass  through  a  100-mesh  screen.  It  is  packed 
in  paper  bags  or  cloth  sacks,  and  will  keep  indefinitely.  It  can  be  stored 
without  danger  of  causing  fire,  which  is  not  true  of  caustic  lime.  Mortar 
made  with  it  shows  less  danger  of  blowing  or  popping  in  the  walls.  It 
may  be  added  to  cement,  when  it  makes  the  latter  to  some  extent  water- 
proof and  more  easy  to  trowel. 

The  process  of  manufacturing  hydrated  lime  is  briefly  as  follows: 
The  liunp  lime  is  ground  to  small  size.  It  is  then  mixed  with  just  suffi- 
cient water,  when  it  falls  to  a  fine  powder.  The  slaked  lime  is  then  sieved 
to  separate  out  the  unhydrated  lumps  or  silicious  cores  from  the  latter. 

The  plan  adopted  in  grinding  the  quicklime  in  the  most  successful 
hydrating  plants  consists  in  crushing  the  lime  by  means  of  a  "  pot  " 
crusher  or  Sturtevant  open-door  crusher.  This  reduces  it  to  pieces  about 
one-half  inch  and  under.  Lime  which  is  to  be  hydrated  should  not  be 
burned  at  such  a  high  temperature  as  is  ordinarily  used.  Fresh  lime 
hydrates  much  more  promptly  than  that  which  has  been  allowed  to  remain 
for  some  time  in  the  air. 

There  are  a  niunber  of  processes  and  machines  for  mixing  the  lime 
with  water  which  have  been  successfully  used  in  hydrating.  The  two 
best  known  of  these  are  the  Kritzer  and  the  Clyde  hydrators.  The  latter 
of  these  two  machines  is  employed  for  hydrating  magnesian  limes  with 
entire  success.  With  high  calcium  limes,  however,  the  slaking  takes 
place  very  quickly,  and  for  these  the  Kritzer  machine  is  now  being  more 
extensively  used. 

The  Clyde  hydrator  is  a  batch  machine,  in  which  a  given  quantity  of 
lime — usually  one  ton — is  placed.  To  this  is  added  the  proper  quantity  of 
water  by  means  of  a  spray.  The  machine  itself  consists  of  a  revolving  pan 
provided  with  plows  which  stir  up  and  mix  the  water  and  the  lime.  The 
water  is  weighed  and  added  in  a  predetermined  amount.  When  the 
operator  judges  the  process  to  be  complete,  as  is  determined  by  the  fluffi- 
ness  of  the  powder,  the  lime  is  scraped  from  the  pan  through  an  opening 
in  the  center  of  the  same  into  a  hopper  under  the  hydrator.  It  is  then 
ready  for  the  screening. 

The  Kritzer  process  is  a  continuous  one.  The  hydrator  consists  of  a 
number  of  cylinders  one  over  the  other,  which  are  provided  with  paddles 
which  revolve  around  a  central  shaft.  The  lime  is  fed  into  the  upper 
cylinder  in  a  continuous  stream.  Here  water  is  spread  upon  it,  the  amount 
being  regulated  by  means  of  a  valve.  The  moist  lime  is  worked  by  the 
paddles  and  passes  through  the  upper  cylinder  to  the  next  lower  one,  etc., 
and  finally  works  its  way  out  at  one  end  of  the  bottom  cylinder.  It  is  now 
entirely  hydrated  and  dry.     The  steam  from  the  lower  cylinders  passes  to 
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the  upper  ones,  and  helps  to  hydrate  the  lime.  The  amount  of  water  to  be 
added  in  each  case  is  determined  by  experience.  The  more  calcium  oxide 
the  lime  contains,  the  more  water  must  be  added. 

After  slaking,  the  lime  is  in  the  form  of  a  very  fluffy  powder,  all  of  which 
will  pass  through  a  very  fine  sieve.  It  usually  contains,  however,  cores  of 
unslaked  lime.  These  latter  constitute  the  silicious  portions  of  the  lime- 
stone, which  have  been  partly  vitrified,  and  the  over-burned  and  under- 
burned  lime.  They  are  separated  from  the  hydrated  lime  by  sieving. 
This  is  usually  done  by  means  of  an  inclined  screen,  several  forms  of  which 
are  employed.  In  one  type,  the  sieve  oscillates;  in  another  the  wire  cloth 
is  covered  by  small  metal  bands  upon  which  hammers  fall  and  bounce  the 
material  through. 

Hydrated  lime  is  now  packed  in  paper  and  cloth  bags.  Automatic 
bagging  machines  have  been  devised  which  allow  it  to  be  packed  very 
rapidly  in  bags,  which  are  pasted  shut  or  tied  before  the  lime  is  placed  in 
them,  this  latter  being  done  by  means  of  a  valve  in  one  comer  of  the  bags. 
These  paper  bags  present  a  square  appearance,  and  not  the  ra^ed  end  of 
the  hand-tied  bag. 

Hydraulic  Lime.  Limestones  containing  appreciable  amounts  of 
impurities  suflScient  to  give  the  calcined  product  hydraulic  properties,  but 
insufficient  to  take  up  all  the  lime  present,  make,  when  burned,  hydraulic 
limes.  They  form  an  intermediate  product  between  ordinary  lime  and 
natural  cement.  These  products  range  from  feebly  hydraulic  limes  to 
limes  which  harden  quite  satisfactorily  under  water.  At  one  time  these 
limes  were  manufactured  to  a  large  extent  in  Europe.  They  have  never, 
however,  been  manufactured  in  any  quantity  in  this  country.  They  are 
made  by  burning  limestone  containing  from  10  to  17  per  cent  silica,  alu- 
mina and  iron  and  from  40  to  45  per  cent  lime.  Magnesia  may  replace 
lime  to  a  considerable  extent.  Hydraulic  lime  slakes  with  water  just  as 
does  ordinary  lime,  only  much  more  slowly. 

Grappier  Cements.  These  are  obtained  by  grinding  the  hard  cores 
which  are  obtained  in  the  manufacture  of  hydraulic  lime,  and  consist  of 
that  portion  of  the  hydraulic  lime  which  does  not  slake  when  water  is 
added.  La  Farge  cement  is  of  this  class,  and  is  imported  extensively  in  this 
country,  owing  to  its  light  color  and  the  fact  that  it  does  not  stain  marble 
and  other  building  stones  as  does  Portland  cement  and  natural  cement. 

Natural  Cement.  Natural  cement  was  at  one  time  manufactured 
extensively  in  this  country.  Owing  to  the  cheapness,  however,  with  which 
Portland  cement  can  be  manufactured,  it  is  being  replaced  by  this  latter. 
Natural  cements  are  produced  by  burning  and  subsequently  grinding 
clayey  or  argillaceous  limestones,  which  are  natural  mixtures  of  calcium 
carbonate  and  clay.  These  limestones  usually  carry  from  13  to  35  per 
cent  clayey  matter  (SiO2+Al203+Fe203),  and  often  a  considerable  per- 
centage of  magnesia,  which  seems  to  be  interchangeable  with  lime  and  to 
replace  the  latter  without  disadvantage. 
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The  kilns  used  for  burning  natural  cement  are  very  similar  to  those 
used  for  burning  lime.  The  best  kiln  consists  of  a  steel  cylinder  lined 
with  firebrick  and  provided  with  an  opening  at  the  bottom  through 
which  the  burned  material  may  be  drawn  from  the  kiln.  The  kiln  is  con- 
tinuous in  operation  and  the  charging  is  done  by  introducing  at  the  top 
alternate  layers  of  limestone  and  fuel.  This  latter  usually  consists  of 
small  size  anthracite  coal  or  coke.  The  temperature  of  burning  is  usually 
between  1000°  and  1200°  C. 

After  passing  through  the  kilns  the  burned  material  presents  the 
appearance  of  a  soft  yellowish-brown  mass.  It  is  then  ground  to  a  fine 
powder.  As  it  is  quite  soft,  this  is  usually  done  with  burr-stones  or  in 
tube  mills.  Recently,  however,  excellent  results  have  been  obtained  by 
grinding  the  natural  cements  to  an  extreme  degree  of  fineness  by  the 
employment  of  some  of  the  more  modem  mills,  such  as  the  FuUer-Lehigh 
Mill.  The  grinding  of  the  clinker  should  be  at  least  so  fine  that  90  per 
cent  will  pass  through  a  100-mesh  screen. 

Pordand  Cement.  It  is  now  generally  agreed  that  Portland  cement 
is  a  solid  solution  of  lime  in  a  magma  of  ortho-silicates  and  ortho-alumi- 
nates  of  lime.  It  is  therefore  impossible  to  ascribe  to  Portland  cement  any 
definite  chemical  formula.  The  composition  of  Portland  cement,  however, 
has  a  great  bearing  upon  its  physical  properties.  The  conditions  of  manu- 
facture, particularly  as  to  burning  and  grinding,  also  influence  this.  The 
composition  of  Portland  cement  of  good  quality  is  usually  within  the  fol- 
lowing limits. 

Composition  of  Portland  Cement 

Limits.  Average. 

Silica 20-24    %  22.0% 

Iron  oxide 2-4      *'  2.5'' 

Alumina 5-9      ''  7.5'' 

Lime 60-64.5"  62.0" 

Magnesia 1^      "  2.5" 

Sulphur  trioxide 1-1.75"  1.5" 

Practical  experience  has  shown  that  the  essential  elements  in  cement 
are  lime,  silica  and  alumina.  Iron  oxide  is  present  in  nearly  all  clays  and 
shales,  and  hence  is  always  present  in  cement.  It  has  a  definite  advan- 
tage, in  that  it  assists  in  burning  and  lowers  the  temperature  of  the  latter 
process.  Cement  containing  no  iron  is  white,  but  rather  hard  to  burn. 
The  proportions  of  a  good  cement  should  satisfy  the  following  ratios. 

Per  cent  lime  —  i  q  * 

Per  cent  silica+per  cent  iron  oxide+per  cent  alumina" 

Per  cent  silica    ^^r^. 
Per  cent  alumma 
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In  the  manufacture  of  Portland  cement  great  care  is  taken  to  see  that 
the  composition  satisfies  the  above.  If  too  much  lime  is  present  the 
cement  will  be  ^'  unsound  '* — that  is,  in  time  concrete  made  from  it  will 
expand  and  crack.  If  too  little  lime  is  present  the  concrete  will  be  low  in 
strength  and  may  ''  set  "  quicklj^ — that  is,  harden  before  the  masons  have 
a  chance  to  place  it  in  the  forms.  Cement  in  which  alumina  is  high  is  also 
apt  to  be  quick  setting,  and  is  hard  to  burn  uniformly.  High  silica  cements 
are  usually  very  slow  hardening,  and  do  not  attam  their  full  strength  for  a 
considerable  period.  Cements  should  not  contain  more  than  4  per  cent 
magnesia,  or  L75  per  cent  SO3.  The  latter  is  usually  introduced  in  the 
form  of  gj'psum,  and  is  added  to  regulate  the  setting  time  of  the  cement. 

The  materials  from  which  Portland  cement  is  manufactured  may  be 
divided  into  two  classes:  those  which  supply  the  lime  and  those  which 
supply  the  silica,  iron  oxide  and  alumina.  The  first  are  termed  calcareous 
and  the  second  argillaceous.  The  following  groups  show  the  principal 
materials  used  in  the  manufacture  of  Portland  cement. 

Calcareous  Materials.  Argillaceous  Materials. 


Tiiraestone 

Cement  Rock 

Clay 

Marl 

Shale 

Chalk 

Slate 

Alkali  waste 

Blast  furnace  slag 

The  cement  rock  is  an  argillaceous  limestone  which  contains  usually 
between  65  and  80  per  cent  carbonate  of  lime.  If  it  contains  more  than 
75  per  cent  it  is  necessary  to  add  clay,  shale  or  slate  to  it  in  order  to  make 
a  satisfactory  mixture  for  burning.  If  it  contains  less  than  75  per  cent  it 
will  be  necessary  to  add  limestone  for  a  similar  purpose. 

Limestone  is  usually  mixed  with  clay  or  shale,  marls  and  chalks  with 
clay  or  shale.  Blast  furnace  slag  is  used  with  limestone.  Alkali  waste 
(or  precipitated  CaCOa,  obtained  from  the  manufacture  of  caustic  soda) 
was  at  one  time  mixed  with  clay,  but  is  not  now  employed  for  the 
manufacture  of  Portland  cement. 

Limestones,  marls  and  chalks  which  are  to  be  used  in  the  manu- 
facture of  Portland  cement  should  contain  less  than  2^  per  cent  magnesia 
and  preferably  not  more  than  3  or  4  per  cent  silica,  iron  oxide  and  alumina 
combined.  Clay,  shales  and  slates  should  all  have  at  least  2J  and  not 
more  than  4  times  as  much  silica  as  alumina.  Exceptions  to  this  are  in 
the  case  of  a  high  silica  limestone,  with  which  a  high  alumina  clay  may  be 
used  to  advantage,  since  all  that  is  necessary  is  that  the  mixture  shall 
satisfy  the  requirements  expressed  by  the  above  formulas  for  the  com- 
position of  Portland  cement. 

Three  processes  are  employed  for  the  manufacture  of  Portland  cement — 
the  dry  process,  a  semi-wet  process,  and  a  wet  process.  The  dry  process 
is  employed  exclusively  for  the  manufacture  of  cement  from  cement  rock 
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and  limestone,  and  also  from  limestone  and  shale  and  limestone  and  blast 
furnace  slag.  The  semi-wet  process  is  employed  at  a  few  plants  manu- 
facturing cement  from  limestone  and  clay.  The  wet  process  is  employed 
by  plants  using  marl  and  clay. 

The  dry  process  is  an  American  invention,  and  is  much  the  more  eco- 
nomical of  the  three.  In  this  process  the  materials  are  dried  and  mixed, 
ground  to  such  a  degree  of  fineness  that  at  least  92  per  cent  of  the  powdered 
mixture  \vill  pass  a  100-mesh  sieve,  and  burned  at  a  temperature  of  approx- 
imately 1600'  to  1700°  C.  The  resulting  clinker  is  then  mixed  with  2 
to  3  per  cent  gypsum,  and  ground  so  fine  that  at  least  92  per  cent  will  pass 
the  100-mesh  sieve.     The  resulting  product  is  Portland  cement. 

In  the  semi- wet  process  materials  are  ground,  dried  and  mixed  with 
a  small  proportion  of  water  and  introduced  into  the  kiln  in  the  form  of  a 
wet  paste.  The  resulting  clinker  is  ground  with  gypsum  just  as  in  the  dry 
process.  In  the  wet  process  the  wet  marl  and  clay  are  ground  together 
without  drjang,  and  often,  after  having  more  water  actually  added  to 
them,  weighed  and  introduced  into  the  kilns  in  the  form  of  a  thin  mud, 
called  slurry,  containing  50  to  60  per  cent  water,  and  the  clinker  ground 
as  before. 

Limestone,  cement  rock  and  shale  are  quarried,  while  clay  is  taken 
from  beds  and  marl  is  dredged  from  under  water.  The  stone  is  usually 
blasted  down  in  benches,  an  attempt  being  made  to  shatter  the  rock  as 
much  as  possible.  It  is  then  loaded  either  by  steam  shovels  or  by  hand 
into  cars  and  conveyed  to  the  mill.  In  the  dry  process  the  product  goes 
from  the  quarry  to  the  storehouse,  and  here  it  is  treated  in  one  of  a  number 
of  ways.  The  older  method  was  to  dump  the  product  in  large  piles  which 
were  analyzed,  and  from  these  analyses  the  necessary  mixture  of  limestone 
and  clay  was  calculated.  The  rock  was  then  loaded  on  buggies  or  barrows 
and  wheeled  to  the  crusher  after  being  weighed,  where  it  met  another 
buggy  or  barrow  loaded  with  the  other  material  to  be  added.  The  two 
barrows  were  then  dumped  into  the  crusher  together,  one  after  the  other. 
Another  method  employed  is  to  weigh  the  rock  as  it  comes  from  the  quarry 
and  add  to  the  car  containing  it  the  proper  amount  of  limestone  or  clay. 
This  is  then  dumped  into  the  crusher.  In  the  third  system  rocks  are  crushed 
and  even  partially  ground  separately  and  conveyed  into  bins,  where  they 
remain  until  the  contents  of  the  latter  are  analyzed.  They  are  then  drawn 
out  and  mixed  in  the  proper  proportions. 

The  crushing  is  nearly  always  done  in  a  gyratory  or  Gates  crusher. 
The  jaw  or  Blake  crusher  was  at  one  time  used  to  some  extent;  but  now 
the  Gates  crusher,  owing  to  the  fact  that  it  has  much  greater  capacity  and 
does  not  clog  as  easily,  is  almost  universally  used.  After  being  crushed 
the  rock  is  usually  dried.  This  is  done  by  means  of  rotary  driers. 
These  are  cylinders  of  sheet  steel  from  4  to  6  ft.  in  diameter  and  from  40 
to  60  ft.  in  length.  They  are  unlined,  and  are  usually  provided  with  channel 
irons  bolted  to  the  inside  to  act  as  shelves,  to  carry  the  rock  up  and  drop 
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it  through  the  hot  gases.  The  driers  axe  heated  by  a  coal  fire  at  the  lower 
end  or  else  by  the  waste  gases  from  the  rotary  kilns.  They  are  similar  in 
construction  to  the  rotary  kilns  described  farther  on,  except  that  they  are 
smaller  and  are  not  lined  with  firebrick. 

Marl  is  usually  conveyed  to  the  mill  by  cars,  barges  or  pipe  lines  in 
the  form  of  a  thin  mud.  It  is  passed  through  some  form  of  pug  mill 
provided  with  screens  which  separate  out  of  it  any  sticks,  stones,  etc. 
From  the  pug  mill  it  passes  to  large  concrete  basins  or  steel  tanks,  where 
it  is  sampled.  The  clay  is  usually  dried  to  facilitate  chemical  work  of 
making  a  proper  mixture,  and  disintegrated  in  dry  pans.  The  marl  is 
either  measured  or  weighed,  and  the  proper  amount  of  clay  added.  From 
the  measuring  tank  the  mixture  is  pumped  into  a  pug  mill  and  thoroughly 
mixed.  From  the  pug  mill  the  materials  run  into  large  vats,  where  the 
mixture  is  sampled  and  analyzed,  and  if  not  of  correct  composition  more 
clay  is  added.  The  contents  of  all  vats  are  kept  in  continual  agitation 
by  means  of  compressed  air  or  mechanical  stirrers.  When  the  material 
has  become  of  correct  chemical  composition  it  is  passed  on  for  the  final 
grinding,  which  is  done  in  tube  mills. 

The  grinding  of  dry  materials  is  usually  done  in  two  stages.  A  number 
of  mills  are  upon  the  market  for  doing  this  grinding.  For  the  preliminary 
grinding  the  ball  mill,  rolls  and  the  hammer-mijl  are  used,  while  for  final 
pulverizing  the  FuUer-Lehigh  Mill,  the  tube  mill,  the  Griffin  mill,  and  the 
Huntington  mill  are  the  ones  usually  employed.  The  ball  mill  consists 
of  a  drum  filled  with  steel  balls.  The  drum  is  lined  first  with  steel  plates 
which  lap  one  over  the  other  to  form  steps.  As  the  drum  revolves  the 
balls  fall  over  the  steps,  and  so  pound  the  material  to  pieces.  The  par- 
tially crushed  material  drops  through  holes  in  the  plates  on  to  perforated 
steel  screens  built  around  the  entire  circumference  of  the  drum.  These 
screens  take  out  the  very  coarse  particles  and  return  them  to  the  inside 
of  the  drum.  The  finer  ones  drop  on  another  set  of  screens  made  of  woven 
wire  cloth,  and  these  separate  the  fully  ground  material  from  the  coarse 
and  return  the  latter  back  to  the  mill.  The  fully  ground  material  falls 
into  a  dust-proof  casing  which  entirely  surrounds  the  mill,  and  then  down 
to  the  conveyor  under  the  latter,  which  carries  the  coarsely  ground  mate- 
rial on  to  the  next  step.  The  ends  of  the  drum  are  formed  by  circular 
plates,  and  the  material  is  fed  in  through  a  large  opening  in  the  center  of 
one  of  these.  The  material  is  fed  in  by  means  of  automatic  feeders, 
which  regulate  the  quantity  of  the  material  admitted  to  the  mill.  The 
size  of  the  product  is  regulated  entirely  by  the  fineness  of  the  last  set  of 
.screens.  When  preparing  for  the  tube  mill,  these  are  usually  16  to  20 
mesh,  while  if  preparing  for  the  Fuller  and  Griffin  mills,  all  screens  are 
removed.  The  product  of  a  ball  mill  equipped  with  16-mesh  screens  will 
usually,  about  half  of  it,  pass  a  100-mesh  screen. 

The  kominuter  is  a  modification  of  the  ball  mill.    It  consists  of  a  drum 
about  the  same  diameter  as  a  ball  mill,  but  somewhat  longer  than  the 
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latter.  The  kominuter  is  lined  just  as  is  the  hall  mill,  with  steel  plates 
which  are  arranged  to  lap  and  form  stops.  The  <]runi  is  surrounded  by  a 
coarse  screen  tilting  toward  the  fee<l  end.  The  material  enters  through 
an  opening  at  one  end,  and  is'  pounded  to  pieee.-;  liy  the  halls.  It  does  not 
fall  out  through  holes  in  the  plates  at  once,  Iwiwever.  but  travels  through 
the  full  length  of  the  drum,  and  pa.sses  throutth  (nieuings  at  the  opposite 
end,  on  to  screens.  The  underground  material  is  returned  to  the  mill 
by  means  of  .S-shaped  pipes  at  one  end. 

The  Williams  mill  consists  of  hinged  hanuuers  whirh  revolve  around 
a  horizontal  shaft.  These  crush  the  material  and  pa-ss  it  out  through  a 
grid,  the  bars  of  the  grid  serving  as  part  of  the  <rushing  surface. 

The  tul>e  mill  consists  of  a  cylinder  2()  to  22  ft.  long  and  from  5  ft.  to 
5'  ft,  in  diameter,  filled  with  flint  pebbles.  The  c>linder  is  lined  with 
some  hard  substance,  such  a^  armor  plate, 
chilled  iron,  quartz,  or  trap-rock,  and  revolves 
at  a  speed  of  from  25  to  27  revolutions  per 
minute.  The  material  is  fed  in  through  a 
hollow  shaft,  and  leaves  either  in  the  same 
manner  at  the  opposite  end  or  else  through  a 
grating  at  the  perimeter  of  the  end.  The 
flint  pebbles  are  imported  from  Europe,  and 
the  wear  on  them  is  not  great.  Material  is 
usually  fed  in  at  a  regular  rate  by  means  of  a 
screw  conveyor  operated  by  means  of  some 
form  of  spee<t-regulating  device.  The  finene.'W 
of  the  product  is  controlled  entirely  by  the 
amount  of  material  fed  into  it. 

The  Fuller-I^high  Pulverizer  mill.  Fig.  173, 

consists  of  a  horizontal  ring   or    die   against 

which  revolve  four  lialls.     The  balls  are  pro- 

Fio.  173.  pellcd   by    means  of    pushers.     The  die  and 

pushers  are  chilled  rhareoal  iron  castings.  The 

balls  are  of  steel  forgtngs.     These  balls  are  12  ins.  in  diameter,  and  weigh 

260  lbs.  each.     They  revolve  at  a  speed  of  almut  155  R.P.M.,  and  hence 

press  against  the  die  with  enormous  centrifugal  force.     The  material 

to  be  ground  is  fed  into  the  hopper  which  serves  the  feeder.     The  material 

dischai^ed  by  the  feeder  falls  down  into  the  pan  of  the  mill,  situated  l>elow 

the  die,  and  is  drawn  up  from  this  in  between  the  rapidly  revolving  balls 

and  stationary  die  by  means  of  air  currents  induced  by  fans  placed  in  the 

chamber  aljove  the  die.     The  material  is  pulverized  by  the  rolling  of  the 

balls  against  the  die,  the  pres,sure  of  each  ball  against  the  die  being  over 

2700  lbs.,  the  grinding  action  being  similar  to  that  of  a  mortar  and  pestle. 

The  finely  pulverized  material  is  sucked  upwards  by  means  of  the  fans 

and  out  through  the  screens.     The  material  pas.sing  through  the  screen 

falls  down  Ixttween  this  screen  and  the  outer  casing,  and  is  discharged 
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from  the  mill  through  the  discharge  spout,  which  may  be  placed  at  any- 
one of  four  quarters  of  the  mill.  The  feed  to  the  mill,  and  consequently 
the  fineness  of  the  products,  may  be  controlled  in  two  ways:  either  by 
a  slide  on  the  hopper  or  by  means  of  the  stepped  pulley,  connected  to 
the  screw  conveyor  by  gearing.  The  mill  is  provided  with  two  screens 
one — the  inner — of  1-in.  mesh  and  made  of  very  heavy  wire  to  protect 
the  outer  one.  The  outer  screen  does  not  really  screen,  but  merely  controls 
the  draft  of  air,  and  hence  the  fineness,  since  the  greater  the  velocity  the 
greater  the  carrying  power  of  the  air,  and  hence  the  coarser  the  product. 

The  Grifiin  mill  is  somewhat  similar  to  the  FuUer-Lehigh  mill  in  oper- 
ation. It  consists  of  a  steel  die  against  which  a  roll  also  of  steel  is  made 
to  revolve,  and  it  is  between  these  two  that  the  material  is  ground.  The 
roll  is  suspended  by  a  shaft  from  a  spider,  and  actuated  by  a  pulley  and  a 
universal  joint.  The  fully  ground  material  is  sucked  up  and  forced  through 
the  screens.  The  coarse  particles  fall  back  into  the  pans  of  the  mill  and 
are  thrown  up  between  the  roll  and  the  die  by  means  of  a  plow  attached 
to  the  roll.  The  finished  product  passes  through  the  screen  and  travels 
from  these  to  the  outer  casing  and  thence  through  openings  in  the  base 
of  the  mill  to  screw  conveyors. 

The  degree  of  fineness  to  which  the  raw  material  is  to  be  ground 
depends  entirely  upon  conditions.  It  is  stated  as  a  general  rule  it  should 
never  be  ground  coarser  than  90  per  cent  through  the  100-mesh  sieve,  and 
in  most  cases  95  to  98  per  cent  is  required  to  produce  a  sound  cement. 
The  finer  the  grinding  the  more  perfect  the  combination  between  the 
silica,  the  alumina,  the  iron  and  the  lime.  If  the  raw  materials  are  not 
finely  enough  ground,  the  cement  will  be  unsound — that  is,  some  of  the  lime 
will  not  combine  and  will  cause  the  cement  to  disintegrate. 

The  material  is  usually  carried  from  one  part  of  the  process  to  another 
by  mechanical  means.  Belt  conveyors  are  used  for  the  coarser  material 
and  screw  conveyors  for  the  finely  pulverized.  Marl  and  slurry  are  pumped 
through  pipe  lines,  sufficient  water  being  added  to  make  them  flow  easily. 

In  the  early  days  of  the  American  Portland  cement  industry,  the  burn- 
ing was  done  in  intermittent  upright  kilns,  similar  to  those  used  for 
burning  lime.  These  were  soon  improved,  so  as  to  economize  fuel  by  making 
them  continuous  in  action.  This  allowed  the  charge  to  receive  the  waste 
heat  from  the  clinkering  of  the  cement,  and  the  air  for  combustion  to  be 
preheated,  by  passing  through  the  fully-burned  material,  this  serving  also 
to  cool  the  latter.  These  upright  kilns  required  that  the  material  be 
moulded  into  small  balls  or  bricks,  which  of  course  necessitated  much  hand 
labor.  When  the  material  to  be  burned  was  not  plastic,  Hke  a  mixture 
of  limestone  and  clay,  it  was  further  necessary  to  add  a  binder,  such  as 
coal  tar  or  cement  itself.  About  1887,  a  rotary  kiln  was  introduced,  and 
this  is  the  form  of  kiln  now  universally  used  in  this  country,  as  it  allows 
the  material  to  be  fed  directly  into  it,  either  in  the  form  of  a  powder  or 
a  slurry,  thus  saving  much  labor. 
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Rotaiy  Kiln.  The  rotary  kiln,  in  its  usual  form,  Fig.  174,  consists  of 
a  cylinder,  from  6  to  8  ft.  in  diameter  and  from  60  to  150  ft.  long, 
made  of  sheet  steel  and  lined  with  firebrick.  The  steel  sheets  are  from 
i  to  A  in-  thick,  and  are  held  together  by  single-strap  butt  joints.  This 
long  cylinder  ia  supported  at  a  very  slight  pitch  (J  in.  to  the  foot)  from 
the  horizontal,  on  two  or  more  tires  made  of  rolled  steel ,  which  in  turn 
revolve  on  heavy  friction  rollers.  The  kiln  is  driven  at  a  speed  of  from 
one  turn  a  minute  to  a  turn  in  two  minutes  by  a  girth-gear  situated  near 
its  middle,  and  a  train  of  gears.  The  power  is  supplied  by  either  a  line 
shaft  or  a  motor.  The  upper  end  of  the  kiln  projects  into  a  brick  flue, 
which  is  surmounted  by  a  steel  stack,  also  lined  with  firebrick  for  its 
entire  height.  The  flue  is  provided  with  a  door  at  the  bottom,  which 
serves  not  only  to  allow  the  flue  to  be  cleared  of  the  dust  which  accumu- 
lates in  it,  but  also  as  a  damper  to  control  the  draft  of  the  kiln. 


Fio.  174. 

The  material  to  be  burned  is  usually  fed  into  the  kiln  through  a  hor- 
izontal water-jacketed  screw  conveyor,  or  else  spouted  into  it  through 
an  inclined  cast-iron  pipe.  When  slurry  is  to  be  burned  this  is  pumped 
into  the  kiln.  The  dry  raw  material  is  kept  in  large  steel  bios  above  the 
feeding  device,  while  slurry  is  stored  in  vats,  in  order,  in  either  case,  to 
have  on  hand  a  constant  and  regular  supply.  The  raw  material  feeding 
device  is  usually  attached  to  the  driving  gear  of  the  kiln,  so  that  when 
the  kiln  stops  the  feed  also  stops. 

The  lower  end  of  the  kiln  is  closed  by  a  firebrick  hood.  This  is  usually 
mounted  on  rollers,  so  it  can  be  moved  away  from  the  kiln  when  the  latter 
has  to  be  relined.  The  hood  is  provided  with  two  openings:  one  for  the 
entrance  and  support  of  the  fuel-burning  apparatus,  and  the  other  for 
observing  the  operation,  temperature,  etc.,  of  the  kiln,  and  through  which 
i)ars  may  be  inserted  to  break  up  the  rings  of  material  which  form,  and  to 
patch  and  repair  the  lining.     The  lower  part  of  the  hood  is  left  partly 
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open.  Through  this  opening  the  clinker  falls  out  and  most  of  the  air  for 
combustion  enters. 

The  kiln  is  heated  by  a  jet  of  burning  fuel,  usually  powdered  coal, 
but  sometimes  (as  in  Kansas)  natural  gas  and  (as  in  California)  fuel  oil 
are  used.  The  coal  is  blown  in  by  a  blast  of  air  supplied  by  either  a 
fan  or  air  compressor.  If  the  fan  is  used,  about  20  per  cent  of  the  air 
necessary  for  combustion  is  supplied  this  way.  If  the  compressor  is 
employed,  only  5  to  10  per  cent  of  the  air  is  delivered  by  the  compressor. 

The  necessary  temperature  of  the  hottest  part  of  the  kiln  is  about 
3000°  F.,  and  is  rarely  ever  less  than  2700°  F.  To  properly  maintain 
this  temperature,  about  80  lbs.  to  160  lbs.  of  fuel  are  required  per  barrel 
of  cement,  the  actual  amoimt  depending  on  the  coal  itself,  the  material 
to  be  burned  and  the  dimensions  of  the  kiln.  The  longer  the  kiln,  the  greater 
economy  it  will  show.  Dry  materials  require  much  less  coal  than  slurry. 
With  limestone  and  shale  mixture,  and  a  kiln  100  ft.  long  by  7  ft.  in  diam- 
eter, the  coal  consumption  will  amount  to  about  90  lbs.  of  good  gas  slack 
per  barrel.  A  kiln  60  ft.  long  by  6  ft.  in  diameter  will,  on  the  other  hand, 
require  about  110  lbs.  of  this  material  per  barrel. 

Of  the  heat  supplied  to  the  kiln  by  the  burning  of  the  coal,  by  far  the 
larger  proportion  is  wasted.  About  50  to  75  per  cent  of  it  is  carried  off 
by  the  waste  gases  of  the  stack,  and  from  10  to  15  per  cent  by  the  hot 
clinker  falling  from  the  lower  end  of  the  kiln.  The  gases  enter  the  stack 
at  from  1500°  to  2000°  F.,  and  the  clinker  leaves  the  kiln  at  not  much 
under  2000°  F.  If  the  kiln  could  be  made  to  show  the  same  economy  as 
is  common  in  good  kiln  practice,  a  barrel  of  cement  could  be  biuned  with 
25  lbs.  of  coal. 

The  raw  material  as'it  enters  the  kiln  contains  about  33  per  cent  carbon 
dioxide.  For  the  first  30  ft.  of  its  journey  through  a  100-ft.  kiln,  it  is 
merely  heated  up,  and  whatever  water  it  contains  is  driven  off.  In  the 
next  40  ft.  it  loses  all  its  carbon  dioxide  and  sticks  together,  forming 
small,  soft,  lemon-yellow  balls,  which,  as  they  reach  the  hottest  part  of 
the  kiln — the  last  30  ft. — ^partially  vitrify,  become  rough  and  hard,  and  turn 
to  a  greenish-black  color.  Properly  burned  Portland  cement  clinker  is 
greenish-black  in  color,  of  vitreous  luster,  and,  usually,  when  just  cooled, 
sparkles  with  little  bright  glistening  specks.  It  forms  in  lumps  from  the 
size  of  a  walnut  to  hardly  more  than  dust,  with  here  and  there  a  larger 
lump.  Under-burned  clinker  is  more  or  less  soft,  is  irregular  in  shape, 
and  not  so  black  as  the  well-burned  material.  Under-burned  clinker 
usually  shows  soft-brown  centers,  but  hard-brown  centers  are  due  to  very 
hard  burning. 

When  coal  is  used  for  burning,  this  is  pulverized  in  mills  similar  to 
those  used  for  grinding  the  raw  materials.  It  is,  however,  first  crushed 
by  passing  it  through  rolls  or  pot  crushers,  and  then  dried  in  rotary  driers 
of  special  type.  The  mills  most  used  for  coal  pulverizing  are  the  Fuller 
mill  and  the  tube  mill.     The  latter  need  not  be  preceded  by  a  ball  mill. 
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The  coal  should  be  pulverized  so  that  90  per  cent  of  it  will  pass  a  sieve 
having  100  meshes  to  the  linear  inch,  and  should  contain  from  30  to  45 
per  cent  volatile  matter. 

Cooler.  As  the  clinker  leaves  the  kiln  at  about  2000""  F.,  it  is  entirely 
too  hot  to  grind,  and  must  be  cooled  to  ordinary  air  temperatures.  This 
can  be  done  by  allowing  it  to  lie  in  piles;  but,  as  it  is  a  slow  way  of  doing 
it,  mechanical  devices  are  usually  resorted  to.  These  may  consist  of  either 
revolving  horizontal  cylinders  or  vertical  stationary  coolers.  The  former 
consist  of  steel  cylinders  provided  with  angle  irons  on  their  insides  to 
carry  the  material  up  and  drop  it  through  the  current  of  air  passing  through 

the  cylinders.  They  are  mounted  on  tires  and  rollers, 
just  as  are  kilns  and  driers,  and  revolve  at  a  speed  of 
about  a  turn  or  two  a  minute.  They  are  usually  placed 
below  the  kiln,  and  the  clinker  falls  from  the  kiln  into 
them.  The  air  for  cooling  is  also  drawn  through  them 
into  the  kiln  by  the  draft  of  the  latter.  They  thus 
serve  not  only  to  cool  the  clinker,  but  also  to  preheat 
the  air  entering  the  kiln. 

The  upright  cooler,  shown  in  Fig.  175,  is  almost  uni- 
versally used  in  the  Lehigh  district.  It  consists  of  an 
upright  steel  cylinder,  8  ft.  in  diameter  and  35  ft.  high, 
provided  with  baffle  plates  and  shelves.  As  the  clinker 
falls  over  these,  it  meets  a  current  of  air  blown  in 
through  a  perforated  pipe  running  up  through  the 
center  of  the  cylinder,  and  is  thus  cooled.  The  clinker 
is  carried  from  the  kiln  into  these  latter  coolers  by 
means  of  bucket  elevators,  water  being  run  into  the 
buckets  to  keep  them  cool.  This  also  suddenly  chills 
the  clinker  and  makes  it  brittle  and  easier  to  grind. 

After  cooling,  the  clinker  is  ground  in  Fuller  mills, 
Griffin  mills  or  ball  and  tube  mills.  In  the  case  of  the 
Fuller  and  Griffin  mills,  it  is  usually  found  more  econom- 
ical to  crush  the  clinker  down  to  pea  size  by  a  set  of 
rolls,  before  feeding  to  the  mills.  Kent  mills  and  air  separators,  and  also 
Kent  mills  which  grind  as  preparation  for  the  other  mills,  are  used  to  a 
limited  extent.  ,  The  clinker  should  be  ground  so  fine  that  at  least  92  per 
cent  of  it  passes  a  sieve  having  100  meshes  to  the  linear  inch. 

In  order  to  regulate  the  set  of  the  cement,  since  clinker  ground  alone 
would  set  very  rapidly,  it  is  necessary  to  add  to  it  calcium  sulphate  in 
some  form  or  other,  usually  as  gypsum,  or  plaster  of  Paris.  As  this 
can  be  most  easily  mixed  with  the  cement  during  grinding,  it  is  the  usual 
practice  to  add  the  retarder  to  the  clinker  before  the  latter  is  ground,  and 
to  grind  the  two  together.  The  amount  of  gypsum  or  plaster  of  Paris 
used  is  usually  about  2  or  3  per  cent  of  the  weight  of  the  clinker. 

After  passing  through  the  clinker  mills,  the  cement  is  conveyed  to  the 
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stock  house.  This  usually  consists  of  a  long,  low  building  of  wood,  stone 
or  concrete,  cut  up  into  bins.  The  cement  is  brought  in  by  an  overhead 
screw-conveyor  and  dropped  into  any  desired  bin  by  means  of  a  slide  in 
the  bottom  of  the  conveyor  trough.  A  screw-conveyor  also  runs  under 
the  floor  of  the  stock  house,  at  the  ends  of  the  bins.  The  latter  are  pro- 
vided with  removable  board  ends,  and,  when  it  is  desired  to  pack  from  any 
bin,  these  ends  are  removed  and  the  cement  allowed  to  run  into  the  screw 
conveyor.  When  the  cement  ceases  to  run,  it  is  necessary  to  either  pull 
it  into  the  conveyor  with  a  broad-blade  hoe,  or  else  to  wheel  it  there  in 
barrows.  The  screw  conveyors  then  carry  it  to  the  packing  machines, 
which  are  similar  to  those  Uvsed  in  flour  mills. 

Cement  in  packed  into  barrels  holding  380  lbs.,  or  into  paper  or  cloth 
bags  holding  95  lbs.  each.  The  cement  is  packed  as  shipped,  and  the 
bags  or  barrels  are  trucked  directly  to  the  cars.  For  this  reason  the  pack- 
ing-room floor  is  on  a  level  with  the  floor  of  the  cars  to  be  loaded,  and  these 
latter  are  brought  alongside  of  the  room.  A  shed  roof  should  run  out 
over  the  cars,  so  the  loading  can  be  done  in  stormy  weather.  Cars  usually 
hold  from  100  bbls.  to  170  bbls.  of  cement,  with  150  bbls.  for  an  average. 

Much  more  cement  is  packed  in  cloth  bags  than  in  anything  else. 
In  the  case  of  these  bags,  the  consumer  is  charged  with  the  value  of  the 
bag,  and  credited  by  a  certain  amount  if  the  bag  is  returned  in  good  con- 
dition. The  bags  are  all  marked  with  the  brand  label  of  the  manufacturer, 
and  so  each  manufacturer  knows  his  own  bags.  Barrels  and  paper  bags 
are  sold  to  the  customer,  and  are  not  returnable. 

Plaster  of  Paris.  Plaster  of  Paris  is  made  from  gypsum  by  heating  the 
latter  to  a  temperature  of  between  212  and  400°  F.,  when  three-quarters 
of  the  water  of  crystallization  of  the  gypsum  is  driven  oflF,  the  resulting 
product  being  plaster  of  Paris. 

2(CaS042H20)  =  (CaS04)2H20+3H20. 

In  actual  practice  the  temperatures  employed  to  bring  about  this 
reaction  are  330  to  395°  F.  If  gypsum  is  heated  above  400°  F.,  it  loses 
all  of  its  water  of  combination  and  becomes  anhydrous  sulphate  of  lime, 
the  latter  being  the  basis  of  hard  finish  plaster,  floor  plaster,  Keene's 
cement,  etc. 

When  plaster  of  Paris  is  mixed  with  water  it  sets  or  hardens  very 
promptly,  this  change  being  due  to  absorption  of  water,  forming  gypsum 
again. 

(CaS04)2H20+3H20  =  2CaS042H20. 

A  pure  plaster  of  Paris  will  normally  harden  or  set  in  from  five  to  fifteen 
minutes  after  having  been  mixed  with  water.  If  the  gypsum  from  which 
the  plaster  is  made  contains  impurities,  the  set  will  be  much  slower  than 
this.  Plaster  to  be  used  for  building  purposes  must  be  slow  setting. 
For  ornamental  use,  it  must  also  be  white;  and  since  the  impurities  usually 
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render  the  plaster  slightly  colored,  it  is  the  common  practice  to  add 
retarders  to  the  plaster  before  placing  the  same  upon  the  market.  The 
materials  used  as  retarders  are  usually  of  a  colloidal  nature,  such  as  glue, 
sawdust,  blood,  packing-house  tankage,  etc.  If  a  very  quick-setting 
plaster  is  desired,  crystallized  salts  are  employed,  such  as  common  salt^ 
sodium  sulphate,  sodium  carbonate,  etc. 

Gypsum,  the  raw  material  from  which  plaster  is  made,  is,  when  pure, 
a  hydrous  sulphate  of  lime,  CaS042H20.  As  mined,  however,  gypsum 
usually  contains  a  considerable  percentage  of  impurities,  the  chief  of  which 
are  clay,  calcium  carbonate  and  magnesium  carbonate.  The  following 
table  gives  the  analyses  of  some  American  gypsums: 


Locality. 

Nova  Scotia  .  .  . . 

Kansas 

Michigan 

Kansas 

Oklahoma 

Indian  Terr 


,       SiOs 

F02O3 

CaCOs 

MCO1 

CaSO* 

0.10 

0.02 

1.04 

trace 

78.60 

0.35 

0.12 

0.10 

0.25 

78.73 

1.24 

0.50 

2.38 

•    •   •    • 

77.19 

2.17 

0.24 

2.66 

0.95 

75.11 

17 .  95 

1.43 

«    ■    •    • 

•    •   •   • 

61.00 

10.67 

0.60 

10.21 

1.10 

59.46 

M20 


20.13 
20.52 
19.03 
19.40 
18.44 
16.59 


Impure  earthy  gypsum,  such  as  that  shown  in  the  last  two  analyses 
of  the  above  table,  is  known  in  the  trade  as  gypsum  earth  or  gypsite. 

Gypsum  occurs  usually  in  the  form  of  beds,  frequently  associated  with 
deposits  of  rock  salt,  and  almost  always  interstratified  with  beds  of  lime- 
stone and  shale.  The  beds,  of  course,  vary  greatly  in  extent  and  thickness, 
some  of  them  being  as  thick  as  60  ft.,  while  a  great  many  of  them  are  very 
much  smaller  than  this.  The  principal  gypsum  deposits  found  in  this 
country  lie  in  three  geological  series — namely,  the  Salina  group  of  the 
Silurian,  the  Lower  Carboniferous  and  the  Permian.  The  localities  in 
this  country  which  produce  gypsum  are  central  and  western  New  York, 
southwest  Virginia,  northern  Ohio,  Michigan,  and  a  great  many  of  the 
western  states,  Kansas  and  Oklahoma  being  large  producers. 

The  usual  plan  of  working  the  gypsum  deposits  is  by  mining,  and 
deposits  seldom  lie  near  enough  to  the  surface  for  quarrying.  For  the 
most  part  the  mining  methods  are  crude. 

The  operation  of  manufacturing  plaster  of  Paris  from  gypsum  consists 
in  first  crushing  and  grinding  the  gypsum,  then  calcining  the  ground 
product,  and  finally  pulverizing  the  calcined  product,  after  which  the 
retarders  are  added.  In  some  plants,  the  gj-psum  is  merely  crushed  and 
calcined,  the  calcined  rock  then  being  ground  very  finely.  Where  the 
kettle  process  is  employed,  the  pulverizing,  however,  is  done  before  the 
calcining.  Where  the  rotary  cylinder  process  of  calcining  is  used,  the  pul- 
verizing is  done  after  the  calcining. 

The  process  of  preparing  the  gypsum  for  the  kettles  usually  consists 
in  first  crushing  it  to  such  a  size  that  it  will  pass  a  2-in.  screen.  The  crush- 
ers employed  for  this  purpose  are  of  both  the  Blake  and  the  Gates  types. 
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The  former  type  is  especially  devised  for  cracking  gypsum.  After  the 
coarse  crushers,  the  gypsum  is  further  reduced  by  means  of  a  double 
cone  or  pot  crusher.  These  crack  the  gypsum  to  such  a  size  that  most  of 
it  will  pass  a  A-in.  ring  screen.  From  the  pot  crusher  the  gypsum  passes 
to  buhrstones,  rock-emery  mills,  Williams  mills  or  Stedman  disintegrators. 
These  reduce  the  gypsum  so  that  about  60  per  cent  of  it  will  pass  a 
No.  100  mesh  sieve.     It  is  then  ready  to  be  fed  to  the  kettles. 

Gypsum  Kettle.  The  gypsum  kettle  consists  of  a  steel  cylinder  set 
in  brick  work.  The  bottom  of  the  kettle  is  made  of  cast  iron,  and  is 
convex  in  shape.  The  bottom  has  a  thickness  of  about  J  in.  at  the 
edges  and  4  in.  at  the  crown.  This  kettle  bottom  is  a  very  important 
part  of  the  apparatus,  and  is  the  part  which  seems  to  need  oftenest 
repairing.  If  made  from  ordinary  scrap  iron  they  are  apt  to  crack. 
Sheet  steel  has  been  tried,  but  does  not  seem  to  be  as  good  as  the 
cast  iron.  A  kettle  with  a  sectional  cast-iron  bottom,  which,  of  course, 
facilitates  repairs,  has  also  been  recently  employed  to  advantage.  The 
kettle  itself,  which  is  placed  on  the  kettle  bottom,  is  made  of  boiler 
iron,  f  to  f  in.  thick.  It  is  from  8  to  10  ft.  in  diameter  and  6  to  8  ft. 
deep.  A  kettle  of  this  size  will  hold  from  7  to  12  tons  of  pulverized 
gypsum  and  produce  from  5  J  to  10  tons  of  plaster.  The  kettle  is 
provided  with  from  two  to  four  flues,  12  in.  in  diameter,  placed  hori- 
zontally about  8  in.  above  the  crown  of  the  kettle  bottom,  and  separated 
externally  about  6  in.  The  kettle  is  surrounded  by  brick  work,  so  that 
the  heated  gas  from  the  fire  may  rise  around  its  sides  and  through  the 
flues.  The  top  of  the  kettle  is  covered  with  sheet  iron,  has  a  movable 
door  and  a  vent  to  carry  off  the  water.  The  two  kettles  are  usually 
placed  side  by  side  and  work  in  pairs. 

It  is  necessary  that  the  material  in  the  kettle  be  continually  agitated. 
For  this  purpose  the  kettle  is  provided  with  a  stirrer,  which  is  actuated 
by  a  vertical  pinion  wheel  and  a  line  shaft.  The  stirrer  itself  consists 
of  a  cross  arm  which  is  curved  to  conform  to  the  bottom  of  the  kettle  and 
provided  with  either  paddles  or  a  chain  which  drags  along  the  kettle 
bottom.  The  stirrer  is  run  at  about  15  to  20  revolutions  per  minute,  and 
is  so  arranged  as  to  throw  the  material  towards  the  center  of  the  kettle. 
About  15  or  20  horse-power  is  required  to  operate  the  stirrer.  If  the 
gypsum  is  not  stirred  the  charge  will  settle  down  and  become  hard.  The 
bottom  would  be  also  immediately  melted  out  of  the  kettle.  In  starting 
a  kettle  the  heat  is  gradually  applied,  the  crude  material  is  fed  in  through 
the  charging  door  and  the  stirrer  put  in  motion.  The  material  is  added 
gradually  until  the  kettle  is  full.  As  the  temperature  rises,  the  water 
begins  to  be  driven  oflF.  The  mechanically  held  water  is  first  driven  off 
at  a  temperature  of  212°  F.,  after  which  the  contents  of  the  kettle  remain 
fairly  quiet  until  a  temperature  of  290°  F.  is  reached,  when  the  material 
begins  to  boil  and  the  water  of  combination  begins  to  be  driven  off.  An 
expert  calciner  can  tell  by  the  way  in  which  the  charge  boils  when  the  proc- 
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ess  is  finished.      When  the  material  has  been  calcined  sufficiently  it  is 
run  by  means  of  a  small  grate  in  the  side  of  the  kettle  into  a  pit. 

In  burning  pure  gypsum  the  temperature  rarely  exceeds  340''  F. 
Thermometers  may  here  be  used  to  advantage.  In  g>'psite  plants,  how- 
ever, a  higher  temperature  is  required,  which  may  sometimes  reach  as 
high  as  390°  F.  Here,  owing  to  the  complexity  of  the  material,  the  proper 
temperature  for  calcining  varies,  and  thermometers  cannot  be  used. 

The  gypsum  kettles  are  arranged  in  pairs,  with  a  pit  to  each  pair  of 
kettles,  in  order  that  the  pit  may  be  emptied  from  one  charge  while  the 
other  is  being  cooked.  The  calcined  material  is  carried  from  the  pit, 
by  means  of  an  elevator,  to  a  bolting  reel,  where  the  coarse  material, 
usually  amounting  to  only  a  few  per  cent,  is  screened  out,  sent  back  to 
buhrstones  and  reground.  From  the  bolting  reel  the  material  is  con- 
veyed to  a  storage  bin.  There  are  usually  several  of  these  in  order  to 
separate  the  runs  of  different  days. 

Cummer  System.  The  Cunmier  system  of  calcining  consists  in  first 
partially  crushing  the  material,  so  that  it  will  pass  a  1-in.  ring  screen.  The 
gypsum  crushed  to  this  state  is  fed  mechanically  into  a  rotary  drier  or 
calciner.  The  material,  in  passing  through  the  calciner,  is  heated  to  a  tem- 
perature of  from  350°  to  400°  F.,  the  exact  temperature  depending  upon  the 
nature  of  the  rock.  From  the  drier  the  gypsum  is  carried  into  a  storage  bin. 
These  bins  are  built  of  vitrified  brick  or  concrete,  so  that  they  will  not 
take  fire  or  absorb  the  moisture  given  off  by  the  gypsum.  These  bins 
are  also  so  constructed  that  the  material  is  thoroughly  ventilated.  In 
these  bins  the  calcining  is  completed,  the  moisture  being  driven  off  by  the 
residual  heat  of  the  rock  itself.  After  the  gypsum  has  been  partly  dehy- 
drated in  these  bins  it  is  drawn  out,  crushed,  groimd,  pulverized  and  bolted. 

The  retarder  is  added  to  the  gypsum  after  this  has  been  finely  ground. 
Usually  from  2  to  15  lbs.  of  the  former  are  required  for  every  ton  of  plaster. 
The  mixing  is  done  in  some  form  of  a  mechanical  mixer.  The  Broughton 
mixer,  is  extensively  used  for  this  purpose.  An  ordinary  wall  plaster 
will  also  contain,  in  addition  to  a  retarder,  a  certain  per  cent  of  finely  picked 
hair  or  other  fiber,  in  the  proportion  of  about  1 J  to  3  lbs.  of  hair  to  a  ton 
of  plaster.  Wood  fiber  is  sometimes  added  as  a  substitute  for  hair,  and 
such  use  is  growing. 

•  Plaster  is  usually  packed  in  jute  sacks  containing  100  lbs,  or  in 
paper  bags  containing  80  lbs.  It  is  customary  in  the  plaster  trade,  as  in 
the  cement  trade,  to  charge  for  the  jute  sacks,  and  give  a  rebate  on  the 
return  of  the  latter.  Where  the  plaster  is  packed  in  paper  bags,  a  charge 
is  usually  made  for  these  latter. 

Flooring  plaster  and  hard-finished  plaster  are  also  gypsum  products 
made  by  burning  this  mineral  until  all  of  its  water  of  crystallization  is 
driven  off.  Flooring  plasters  are  prepared  by  simply  burning  gypsum 
at  a  high  temperature,  while  the  hard-finish  plasters  are  produced  by  a 
double  burning  with  the  intermediate  use  of  some  chemical.     Practically 
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all  of  these  plasters  are  imported.  Flooring  plasters  are  manufactured 
by  burning  pure  gypsum,  broken  into  lumps,  in  a  vertical  kiln.  The  kiln 
is  heated  by  means  of  a  grate,  to  one  side  of  the  kiln,  upon  which  coal  is 
fired.  The  hot  products  of  combastion  pass  through,  and  so  heat  the 
gypsum  in  the  kiln.  The  temperature  reached  is  about  900°  F.  The 
time  of  burning  is  four  hours.  These  floor  {^asters  give  a  very  hard  and 
durable  surface.     They  must  be  very  carefully  used  to  prevent  cracking. 

Of  the  hard  plasters,  Keene's  is  the  best  known,  and  was  originally 
manufactured  under  an  EngUsh  patent.  This,  however,  has  long  since 
expired.  This  cement  is  not  only  imported  into  this  country,  but  is  also 
manufactured  to  some  extent  here.  It  is  made  by  burning  a  very  pure 
gjrpsum  at  a  red  heat.  The  resulting  anhydrous  calcium  sulphate  is  im- 
mersed in  a  bath  of  alum  solution  and  dried,  after  which  it  is  again  burned 
at  a  high  temperature,  finely  ground  and  placed  upon  the  market.  It 
is  necessary  to  employ  a  very  pure  gypsum,  as  the  slightest  trace  of  iron 
would  color  the  cement. 

Puzzolan  Cements.  Puzzolan  cements  are  of  very  ancient  origin,  and 
in  most  of  the  engineering  work  done  by  the  Romans  this  cement  was 
employed.  They  manufactured  it  by  mixing  slaked  lime  with  fine  volcanic 
ash.  These  cements  are  still  employed  to  some  extent  in  Europe,  but 
have  never  found  a  market  in  this  country.  A  cement  manufactured 
from  blast  furnace  slag  and  slaked  lime  was  made  at  one  time  in  this  country 
by  a  nimiber  of  concerns,  but  at  the  present  time  its  manufacture  has 
been  almost  entirely  discontinued.  The  activity  of  this  class  of  cements 
depends  upon  the  fact  that  the  volcanic  ash  and  slag  both  contain  soluble 
silicic  acid,  which  readily  enters  into  combination  with  calcium  hydrate 
to  form  silicates. 

In  manufacturing  slag  cement,  the  cement  is  chilled  and  granulated 
by  running  it  while  still  molten  into  water  or  by  directing  a  stream  of  water 
against  a  stream  of  melted  slag.  This  slag  is  then  mixed  with  slaked  lime 
and  very  finely  ground.  Slag  cement  must  not  be  confounded  with 
Portland  cement  made  from  slag.  Several  new  forms  of  slag  cement  have 
recently  been  introduced.  These  consist  in  granulating  slag  of  proper 
composition  with  water  and  mixing  the  slag  so  obtained  with  a  small 
percentage  of  Portland  cement  clinker.  The  "  Passow  Cement/'  manu- 
factured in  Germany,  is  of  this  class. 
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Clays.  This  is  the  term  applied  to  such  natural-occurring  earthy 
materials  having  the  property  of  plasticity  when  wet,  which  on  heating 
to  a  high  temperature  become  hard  and  retain  the  shape  of  the  molded 
article.  Clay  is  of  secondary  origin  and,  as  a  rule,  results  from  the 
weathering  of  feldspathic  rock,  such  as  granite.  When  found  overlying 
the  rock  from  which  it  was  formed  it  is  termed  primary  or  residual  clay. 
When  washed  from  the  original  bed  and  deposited  elsewhere  it  is  known 
as  secondary  clay. 

Plasticity  is  the  property  which  makes  clay  valuable  in  the  manu- 
facture of  clay  products,  without  which  it  would  be  comparatively  useless. 
Many  theories  have  been  advanced  to  account  for  this  physical  property, 
the  most  generally  accepted  being  the  "  Water  of  Hydration  theory f"  which 
is  based  upon  the  relation  of  plasticity  to  the  amount  of  hydrated  silicate 
of  aluminium  present.  Among  other  theories  which  have  been  advanced 
may  be  mentioned  the  "  Plate  theory^^^  **  Interlocking-grain  theory,''  "  Ball 
theory/'  and  "  Colloid  theory." 

Classification  of  Clays.  ''  Clays  may  be  classified  according  to  their 
origin,  physical  and  chemical  properties,  or  uses." '  Of  the  several 
classifications  that  of  Orton  only  will  be  given  and  is  as  follows: 

1.  Kaolin 

2.  China-clay 

3.  Porcelain  clay 

4.  Fire  clay  (hard) 

5.  Fire  clay  (plastic) 

6.  Potters'  clay 

1.  Argillaceous  shale 
Paving  block 

2.  Ferrugenous  shale 
Pressed  brick 

3.  Siliceous  clays 
Sewer-pipe  and  paving  brick 

4.  Tile-clays 

5.  Brick  clays 

6.  Calcareous  shale 
Brick 

*"  Clays,  Their  Occurrence,  Properties  and  Uses,"  Heinrich  Reis,  New  York,  1908. 
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High-grade  clays. 
(50  per   cent   or  more  kaolin  with 

silica) 


Low-grade  clays 
(10   to   70   per   cent    kaolin    with 
notable  per  cent  of  fluxing  ele- 
ments) 
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Kaolin.  This  term  applies  to  the  white-burning  clays  which  are  com- 
posed almost  wholly  of  silica,  alumina  and  chemically  combined  water, 
with  only  a  very  small  percentage  of  fluxing  material  such  as  iron.  Their 
formation  is  principally  due  to  the  weathering  of  pegmatic  veins,  although 
in  some  cases  they  have  originated  from  granite,  quartz,  and  limestone. 
AVhen  mined  they  contain  a  greater  or  less  amount  of  the  parent  rock 
which  is  removed  by  subsequent  washing.  It  occurs  quite  widely  dis- 
tril)uted  in  the  United  States,  east  of  the  Mississippi,  while  less  important 
deposits  are  found  in  Missouri,  Utah,  and  Texas.  It  is  used  in  the  man- 
ufacture of  white  ware,  porcelain,  tiles,  and  as  a  filler  for  paper. 

Ball  Clay.  These  clays  are  white  ])urninK,  l)ut  differ  from  the  kaolins 
in  that  they  are  plastic  in  character.  They  find  extensive  application 
in  the  manufacture  of  white  ware,  being  used  for  the  pupVose  of  giving 
the  necessary  plasticity  and  bonding  power.  They  must  be  as  free  as 
possible  from  iron  oxides  and  possess  considerable  ten}"  ilc  strength.  These 
clays  occur  mostly  in  Florida,  Kentucky,  Tennessee  and  New  Jersey. 

Fire  Clays.  This  term  applies  to  such  clays  as  are  capable  of  with- 
standing high  temperature.  They  owe  their  refractiveness  in  most  part 
to  the  large  amount  of  silica  and  small  amoimt  of  fluxing  agents  which 
they  contain.  Fire  clays  vary  widely  in  their  physical  and  chemical 
properties,  showing  great  differences  in  color,  plasticity,  texture,  and  ten- 
sile strength.  They  are,  as  a  rule,  light  in  color,  ranging  from  gray  to 
yellowish-red.  The  deposits  may  be  of  either  primary  or  secondary 
origin.  They  may  be  divided  into  plastic  and  flint  clays,  the  former 
being  plastic  when  wet;  while  the  latter  are  hard  and  flint  like,  even  when 
finely  ground,  but  they  are  verj-  highly  refractory.  They  occur  quite 
widely  distributed  over  the  United  States.  The  principal  uses  of  fire 
clays  are  for  the  manufacture  of  fire-bricks,  retorts,  furnace  linings,  cru- 
cibles and  terra  cotta;  while  a  special  grade  is  also  used  for  making  pots 
and  tanks  for  glass  manufacture. 

Stoneware  Clays.  These  days  differ  from  fire  clays  in  that  they 
produce  a  very  dense  body  when  heated  at  a  comparatively  low  temper- 
ature. In  many  instances,  however,  they  are  very  refractory,  but  must 
possess  sufficient  toughness  and  plasticity  to  l)e  worked  on  the  potters' 
wheel.  In  making  stoneware  it  is  usually  customary  to  employ  mixtures 
of  clays  so  as  to  produce  certain  characteristics  in  the  finished  product. 
Stoneware  clavs  are  used  in  the  manufacture  of  stoneware  vessels  as  well 
as  yellow  ware,  art  ware,  earthenware  and  even  terra-cotta. 

Terra-cotta  Clays.  The  clays  used  for  making  terra-cotta  differ 
quite  widely,  although  most  manufacturers  prefer  a  semifire-clay.  Buff 
burning  clays  are  commonly  used,  because  of  the  hard  body  produced 
on  burning.  Those  suitable  for  this  purpose  are  found  mostly  in  New 
Jersey,  Pennsylvania,  Indiana  and  Missouri. 

Sewer-pipe  Clays.  The  clays  employed  for  this  purpose  are  quite 
similar  to  those  used  in  the  manufacture  of  paving  brick.     The  easily 
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fluxing  clays  are  of  advantage  here  as  the  higher  iron  content  aids  in  the 
formation  of  the  salt  glaze  with  which  the  pipes  are  covered.  Some  fire- 
clay is  usually  employed  in  the  mix  in  order  to  retain  the  shape  of  the  tube 
during  the  burning. 

Brick  Clays.  In  making  common  brick,  low  grade  red-burning  clays 
are  usually  employed.  The  principal  requirement  is  that  the  clay  shall 
mold  readily  and  bum  hard  at  a  comparatively  low  temperature.  Owing 
to  the  market  price  being  low  it  often  happens  that  poor  bricks,  which 
are  made  from  local  deposits,  are  used  for  structural  purposes  where  a 
better  material  should  have  been  employed.  Pressed  brick,  on  the  other 
hand,  call  for  a  higher  grade  of  clay.  The  physical  requirements  here  are 
uniformity  of  color  in  burning,  freedom  from  warping,  absence  from 
soluble  salts,  with  sufficient  hardness  and  low  absorption  when  burned 
at  a  moderate  temperature. 

Paving-brick  Clays.  A  great  variety  of  materials  are  employed  for 
this  purpose,  although  those  mostly  in  common  use  are  made  from  impure 
shales.  These  shales  are  widely  distributed.  They  should  have  a  fair 
degree  of  plasticity  and  a  good  tensile  strength. 

Slip  Clays.  These  clays  contain  a  large  amount  of  fluxing  material 
which  melts  at  a  low  temperature,  forming  a  natural  glaze  of  greenish- 
brown  glass. 

Gtunbo  Clays.  Included  in  this  class  are  certain  fine  grained,  plastic 
and  tough  clays,  which  on  account  of  their  shrinkage  on  burning  cannot 
be  used  for  brick  making.  Their  chief  use  is  in  the  manufacture  of  rail- 
road ballast. 

Retort  Clays.  These  are  dense  burning,  plastic,  semi-refractory  clays, 
employed  mostly  in  the  manufacture  of  gas  and  zinc  retorts. 

Pot  Clays.  The  clays  coming  imder  this  head  are  hard  burning  and 
are  employed  in  the  manufacture  of  pots  for  glass  making. 

Ware  Clays.    These  clays  are  the  same  as  ball  clays. 

Pipe  Clays.     These  clays  are  the  same  as  sewer-pipe  clays. 

Sagger  Clays.  This  is  the  term  applied  to  those  clays  which  are  used 
in  making  the  saggers  in  which  high-grade  pottery  is  burned. 

Portland-cement  Clays.  In  the  manufacture  of  Portland  cement  a 
mixture  of  lime  and  clay  is  employed,  as  given  in  Chapter  XIII.  They 
may  be  either  true  clays  or  shales. 

Paper  Clays.  In  order  to  give  body,  weight  and  finish  to  certain  papers, 
some  forni  of  clay  is  usually  employed.  The  clay,  which  should  be  of 
a  plastic  nature  and  of  light  color,  is  mixed  with  the  pulp  in  the  beater 
engine  where  it  becomes  enmeshed. 

Paint  Clays.  Many  of  the  clays  mix  well  with  linseed  oil  and  forna 
a  good  grade  of  paint.  The  color  of  these  clays  varies  from  light  yellow 
to  a  dark  reddish  brown,  due  to  the  presence  of  iron  oxide  and  in  some 
instances  to  that  of  manganese.  The  chief  clays  coming  under  this  head- 
ing are  the  ochers  and  siennas. 
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Uses  <rf  Clay.  In  order  to  show  the  varied  and  numerous  applications 
of  clays  the  table  compiled  by  R.  T.  Hill  and  amplified  by  Heinrich  Reis 
Tvill  be  given: 

"  Domestic.  Porcelain,  white  ware,  stoneware,  yellow  ware,  Rock- 
ingham ware  for  table  service  and  for  cooking;  majolica  stoves;  polishing 
brick;  bath  brick,  fire-kindlers." 

"  Structural,  Brick;  common,  front,  pressed,  ornamental,  hollow, 
glazed,  adobe;  terra-cotta;  roofing-tile;  glazed  and  encaustic  tile;  drain 
tile;  paving  brick;  chimney-flues;  chimney-pots;  door-knobs;  fireproof- 
ing;  terra-cotta  lumber;  copings;  fence-posts." 

"  Refractories,  Crucibles  and  other  assaying  apparatus;  gas-retorts; 
fire-bricks;  glass  pots  and  blocks  for  tank  furnaces;  saggers;  stove  and 
furnace  bricks;  blocks  for  fire  boxes;  tuyers;  cupula  bricks;  mold  linings 
for  steel^castings." 

"  Engineering.  Puddle;  Portland  cement;  railroad  ballast;  water 
conduits;  turbine  wheels;  electrical  conduits;  road  metal." 

"  Hygienic.  Urinals,  closet  bowls,  sinks,  washtubs,  bathtubs,  pitchers, 
sewer-pipe,  ventilating-flues,  foundation-blocks,  vitrified  bricks." 

"  Decorative.  Ornamental  pottery,  terra-cotta,  majolica,  garden- 
stands,  tombstones." 

"  Minor  uses.  Food  adulterant;  paint  fillers;  paper  filling;  electric 
insulators;  pumps;  fulling  cloth;  scouring  soap;  packing  for  horses' 
feet;  chemical  apparatus;  condensing  worms;  ink-bottles;  ultramarine 
manufacture;  emery  wheels;  playing  marbles;  battery-cups;  pins;  stilts 
and  spurs  for  potters'  use;  shuttle-eyes  and  thread-guides;  smoking- 
pipes;  umbrella-stands;  pedestals;  filter-tubes;  caster-wheels;  pump- 
w^heels;  electrical  porcelain;  foot-rules;  plaster;  alum." 

Building  Bricks.  There  are  many  forms  of  building  bricks  including 
common  building  bricks,  pressed  bricks,  glazed  bricks  and  enamel  bricks, 
but  as  space  does  not  permit  a  complete  description  of  each  only  the  man- 
ufacture of  common  building  brick  will  be  given.  The  processes  involved 
may  be  divided  into  the  preparation  of  the  clays,  the  molding,  the  drying 
and  the  burning. 

Preparation.  Since  only  a  few  clays  can  be  used  directly  as  mined  it 
becomes  necessary  to  subject  the  material  to  weathering  agencies.  This 
is  done  by  spreading  the  clay  over  the  ground  in  a  thin  layer  of  from  2 
to  3  ft.  in  depth,  and  allowing  it  to  remain  thus  expOvSed  for  a  consider- 
able period,  lasting  in  some  cases  a  year  or  more.  In  order  to  hasten  the 
process,  however,  some  clays  are  disintegrated  by  artificial  means,  for 
which  purpose  crushers,  edge  runners,  disintegrators  and  roller  mills  are 
employed.  The  grinding  is  usually  done  on  the  dry  clay,  although  in 
some  cases  the  wet  clay  is  used  and  the  process  is  known  as  tempering. 

Ring  Pits.  These  are  pits  about  25  ft.  in  diameter  and  from  2  to  3 
ft.  deep.  A  heavy  iron  wheel  is  arranged  by  means  of  gears  so  that  it 
travels  in  the  pit  and  causes  a  thorough  mixing  of  the  mass.    The  opera- 
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tion  lasts  from  5  to  6  hours  at  the  end  of  which  time  the  clay  is  ready  for 
the  brick  machine. 

Pug  Mills.  These  machines  are  of  different  shapes  and  capacity,  but 
are  all  provided  with  blades  which  cut  up  the  clay,  produce  a  thorough 
mixture  and  pass  it  along  to  the  discharge  end.  They  do  not  take  up  as 
much  room  as  the  ring  pit  and  are  much  more  readily  handled. 

Molding.  The  simplest  form  of  molding  consists  in  pressing  the  soft 
clay  or  mixture  into  wooden  frames  which  hav(^  l^ec^n  dusted  with  sand 
to  prevent  sticking.  This  operation  is  done  either  l)y  hand  or  by  machine 
and  is  known  a.s  the  soft-mnd  process.  In  the  so-called  stilT-mvcl  process 
tlie  clay  is  tempered  ^^^th  mucli  k^^s  wat(T.  The  prepared  clay  is  forced 
through  a  die  in  the  form  of  a  rectangular  bar,  which  is  then  cut  into  lengths 
of  the  brick.  The  machine  employe^d  for  this  purpose  is  provided  witli 
an  auger  screw  and  runs  in  a  cylinder  which  tajx^rs  at  the  end  to  the 
size  of  the  die.  Drj-  pressing  is  sometimes  done  as  well  as  semi-dry  press- 
ing. In  either  case  the  prepared  clay  is  forced  with  great  pressure  into 
steel  molds. 

Drying.  After  molding,  the  bricks  must  be  dried  before  burning. 
This  may  be  accomplished  in  several  ways,  tlie  simplest  being  to  spread 
the  bricks  over  a  smooth  flat  floor  and  allowing  them  to  dry  in  the  sun. 
Pallet  driers  are  covered  frames  on  which  the  bricks  are  placed  as  they 
come  from  the  machine.  Drying  in  the  air  has  the  disadvantage  in  that 
it  cannot  be  used  in  cold  or  damp  weather.  To  overcome  this  many  brick- 
makers  are  employing  drying  tunnels.  In  this  method  the  green  bricks 
are  placed  on  cars  and  run  in  at  the  cooler  end  of  the  tunnel  and  gradually 
pushed  along  to  the  wanner  end.  These  tunnels  are  built  in  a  variety  of 
ways,  but  when  possible  the  waste  heat  from  other  operations  is  employed. 

Burning.  The  bricks  having  been  thoroughly  dried  are  placed  in 
kilns  and  heated  to  a  comparatively  high  temperature  or  "  burned.'^ 
The  temperature  and  time  of  heating  depends  upon  the  kind  of  clay 
employed  and  the  degree  of  hardness  desired.  The  kilns  may  be  either 
'^  up-draft  "  or  '*  do\vn-draft.^^  In  the  former  system  the  heat  from  the 
fire  passes  into  the  body  of  the  kiln  and  up  through  the  ware,  finally 
escaping  at  the  top.  The  heat  in  the  down-draft  kiln  enters  at  the  top, 
passes  dowii  over  the  ware  and  escapes  through  flues  at  the  bottom. 

Continuous  or  ring  kilns  are  also  employed.  They  consist  of  a  series 
of  chambers  arranged  in  the  form  of  a  circle,  connected  with  each  other 
and  with  the  stack  by  means  of  a  series  of  flues.  The  fire  is  built  under 
the  chamber  w^hich  is  to  receive  the  highest  temperature;  from  here  the 
heated  gases  pass  to  the  next  chamber  and  so  on  to  the  freshest  charge. 
In  order  to  utilize  the  heat  from  the  cooling  bricks,  after  they  haye  reached 
their  maximum  temperature,  the  air  supply  to  the  fire  is  drawn  through 
the  chambers  containing  the  thoroughly  burned  and  cooling  bricks. 

Sewer-pipe  Manufacture.  ]\Iost  sewer-pipes  are  made  from  shale, 
which  after  crushing  is  mixed  with  the*  necessary  amount  of  plastic  material 
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and  made  into  the  desired  shape  by  a  special  form  of  press.  The  drying 
and  burning  is  then  carried  out  in  a  somewhat  similar  manner  as  that  given 
for  brick. 

Hollow  Structural  Material.  Included  in  this  classification  are  fire- 
proofing  terra-cotta  lumber,  hollow  blocks  and  hollow  bricks.  The  fire- 
proofing  materials  are  those  which  are  employed  in  floor  arches,  parti- 
tions, and  wall  furring  for  girders  and  columns.  Terra-cotta  lumber  is 
a  soft  and  porous  material  produced  by  mixing  sawdust  with  the  clay  and 
subsequently  burning  it  out.  This  being  soft  can  be  nailed  the  same  as 
liunber.     Hollow  block  and  hollow  brick  are  used  for  outside  walls. 

Fire  Bricks.  ^Most  of  the  fire  bricks  on  the  market  are  made  from  a 
mixture  of  several  clays  to  which  has  been  added  a  certain  amount  of  ground 
fire  brick  or  quartz.  They  are  made  in  many  shapes  and  vary  greatly 
in  hardness  and  their  degree  of  refractory  power.  The  burning  is  almost 
universally  conducted  in  down-draft  kilns. 

Tile.  Under  this  heading  comes  roofing  tile,  floor  tile  and  wall  tile. 
They  are  made  in  a  variety  of  ways  and  from  a  variety  of  materials.  Some 
are  made  in  a  porous  condition  while  others  are  colored  and  highly  glazed. 

Pottery.  This  heading  includes  a  great  variety  of  products  ranging 
from  the  cheap  eaiihenware,  such  as  flower-pots,  to  the  most  delicate 
porcelain  vase.  In  the  manufacture  of  pottery  there  are  certain  operations 
which  are  common  to  all,  but  with  the  higher  grades  much  more  care  and 
a  larger  nunil)er  of  details  are  necessarily  involved.  The  general  operation 
consists  in  the  preparation  of  the  raw  material,  tempering,  molding,  dry- 
ing, biscuit  burning,  dipping,  glost-buniing  and  decorating. 

Stoneware.  This  class  of  material  is  made  from  low-grade  plastic 
clay,  being  porous  in  character,  red  to  cream  in  color  and  may  or  may  not 
be  glazed.  If  the  o])jeet  is  to  receive  a  glaze,  it  is  usually  developed  with 
the  body  so  that  after  drying  the  object  is  in  a  proper  condition  for  the 
application  of  the  glaze.  Slii>clay,  which  is  largely  used  for  this  purpose, 
melts  to  a  brown  glass  at  the  temperature  at  which  the  ware  is  burned. 
Salt  glazing  is  a  very  simple  method  and  is  in  common  use  for  this  kind  of 
ware,  although  it  is  applied  more  especially  to  sewer-pipe.  The  goods 
having  been  placed  in  the  kiln  and  the  maximum  temperature  reached, 
the  salt  is  thrown  into  the  fire.  The  high  temperature  causes  a  volatiliza- 
tion of  the  salt  which  on  coming  in  contact  with  the  clay  unites  with  it, 
forming  a  glaze  on  the  surface  of  the  ware.  In  yellow  ware  the  obji^ct 
is  burned  to  develop  the  body,  after  which  the  glaze  is  applied  and  the 
ware  heated  a  second  time. 

Wliite  Ware.  Included  in  this  class  are  those  products  having  a  white 
or  nearly  white  body  and  usually  glazed.  Mixtures  consisting  of  kaolin, 
ball-clay,  quartz,  and  feldspar  are  the  materials  which  are  employed  and 
these  are  selected  with  the  idea  of  their  white-burning  qualities  in  view. 

Porcelain.  Prior  to  the  sixteenth  century,  this  term  was  used  to  desig- 
nate those  objects  made  from  mother-of-pearl.     At  the  present  time,  how- 
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ever,  the  same  materials  are  employed  for  making  porcelain  as  those  used 
for  white  ware.  Great  care,  however,  must  be  exercised  in  their  selection 
and  the  mixtures  so  proportioned  as  to  give  a  hard  and  translucent  body. 
That  in  which  spar  is  used  for  the  flux  is  known  as  hard  porcelain  and  is 
bluish  white  by  transmitted  light,  while  that  fluxed  in  part  with  calcium 
phosphate,  known  as  bone  china,  is  yellow  by  transmitted  light. 

Glazes.  For  all  pottery,  except  hard  porcelain,  the  ware  is  first  burned 
in  the  biscuit  kiln,  forming  porous  porcelain,  then  glazed  and  burned  again 
in  the  glost-kibi.  The  glazes  consist  of  mixtures  of  acids  and  bases  so 
combined  that  they  will  melt  to  a  glass  at  the  temperature  of  burning. 
It  is  very  important  also  that  the  coefficient  of  expansion  agrees  with  the 
body  of  the  ware,  otherwise  a  defective  glaze  will  be  the  result. 
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GLASS 

JAMES  GILLINDER 
Gillinder  SonSf  Inc.,  Glass  Manufacturers,  Philadelphia,  Pa. 

Glass  is  an  amorphous  product  of  fusion,  differing  widely  in  com- 
position. Ordinarily  it  is  considered  as  a  mixture  of  an  alkaline  silicate 
and  the  silicate  of  one  or  more  bases,  the  alkali  being  sodium  or  potassium, 
the  base  calcium  or  lead,  while  sometimes  all  four  elements  enter  into 
its  composition.  AVhile  this  is  true  of  nearly  all  commercial  glass  it 
must  be  noted  that  at  Jena  and  elsewhere  glasses  have  been  made  free 
from  alkali,  that  borates  and  phosphates  have  been  substituted  for 
silicates,  and  that  many  elements  such  as  zinc,  barium,  magnesium 
and  antimony  have  been  substituted  for  lead  and  lime  so  that  it  is 
practically  impossible  accurately  to  define  glass. 

Technically,  transparent  glasses  are  divided  into  lime  glass  or  lead 
glass  according  to  the  presence  of  these  elements.  The  term  flint  glass, 
which  originalh'  meant  a  pure  lead  potash  glass,  is  now  often  applied 
to  all  clear  transparent  glass.  Sometimes  the  lime  glass  is  called  lime 
flint  or  German  flint.  Bottle  and  window  glass  are  impure  forms  of 
lime  glass.  White  or  "  opal ''  glass  and  colored  glass  are  glasses  to 
which  materials  have  been  added  to  produce  the  color  effect. 

The  following  are  the  chief  raw  materials  used  in   making  glass: 

Silica.  Silica  is  usually  introduced  in  the  form  of  sand,  which  may  var}' 
in  purity,  according  to  the  source  and  care  in  preparation.  The  chief 
impurities  in  sand  are  iron,  alumina  and  organic  matter.  The  presence  of  a 
small  amoimt  of  alumina  does  not  injure  the  glass,  but  iron  acts  as  a  color- 
ing agent,  producing  a  green  of  more  or  less  intensity,  depending  on  the 
quantity  present  and  the  state  of  oxidation.  For  the  finer  glass,  there- 
fore, a  sand  as  free  from  iron  as  possible  is  required,  while  for  more 
common  ware,  such  as  green  bottles,  a  much  larger  quantity  is  permissible. 
Sand  from  Berkshire,  Mass.,  is  practically  free  from  iron,  while  that  from 
Pennsylvania  and  West  Virginia  often  contains  less  than  one-tenth  of 
one  per  cent.  Sand  from  New  Jersey  usually  has  a  much  higher  iron 
content. 

The  sand  must  be  of  imiform  size,  not  too  coarse,  to  prevent  reaction 
with  the  other  material,  nor  yet  so  fine  as  to  cause  the  reaction  to  take 
place  too  violently  and  cause  excessive  foaming  during  the   melting. 
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Natural  silicates,  such  as  feldspar,  are  sometimes  used  as  a  source  of 
silica,  because  of  the  alumina  and  alkali  which  they  contain.  Slags 
from  metallurgical  processes  have  been  used  for  common  ware  with  van- 
ing  success. 

Alkali  Metals.  Sodium -carbonate  (soda  ash),  produced  either  by  the 
Solvay  or  the  Leblanc  processes,  is  the  chief  source  of  soda  and  is 
obtained  from  the  trade  in  a  pure  condition.  Sodium  sidphate  (salt 
cake),  owing  to  its  cheapness,  is  also  used  in  the  manufacture  of  plate 
and  window  glass.  Its  use  requires  the  addition  of  carbon  as  a  reducing 
agent  and  is  attended  witli  many  difficulties  not  met  with  when  the 
carbonate  is  used.  The  amount  of  carbon  added  is  much  less  than  that 
called  for  by  theoiy  and  it  is  impossible  to  give  an  exact  explanation 
of  the  reaction.  Sodium  iiiirate  (Cliile  saltpeter),  either  as  it  comes 
from  Chile  (95  per  cent)  or  refined  for  the  better  ware,  is  used  as  an  oxidiz- 
ing material  to  destroy  organic  matter  and  to  change  the  iron  to  the 
ferric  condition.  Potassium  carbonate  (pearl  ash,  potash,  salts  of  tartar) 
usually  hydrated,  containing  from  SO  to  So  per  cent  potassium  carbonate, 
is  the  chief  source  of  pota.ssium  in  the  glass  industry,  sulphates  and 
dilorides  being  the  chief  impurities.  In  some  European  factories  crude 
pearl  ash  from  the  sugar  refineries  is  u.sed  in  the  cheaper  kinds  of  glass. 
Potassium  nitrate  is  also  used  as  an  oxidizing  material. 

Alkali  Earths.  Calcium  is  introduced  as  a  carbonate,  oxide  or 
hydrated  oxide.  Limestone  occurs  in  nature  of  sufficient  purity  for  use 
after  simply  grinding.  Burnt  lime  is  also  used,  l)Ut  more  frequently 
the  hydrated  oxide.  The  advantage  of  the  different  forms  of  lime  is  an 
open  question,  some  works  preferring  one,  some  another.  The  advantage 
of  burnt  lime  is  the  saving  in  heat  by  the  removal  of  the  carbon  dioxide 
before  entering  the  furnace,  while  on  the  other  hand  the  liberation  of  car- 
bon dioxide  from  the  carbonate  helps  stir  the  glass  during  the  melting 
process.  Iron  in  all  glass-making  materials  is  harmful,  while  magnesia 
makes  the  glass  hard  and  more  difficult  to  "  plain,''  though  many 
American  factories  use  a  lime  high  in  magnesia  content  without  any 
apparent  disadvantage.  Barium  is  sometimes  used  in  the  form  of 
sulphate  together  with  carbon,  but  more  generally  as  a  carbonate  either 
natural  or  prepared.  It  produces  a  glass  high  in  refractive  power  and  is 
used  for  many  optical  purposes. 

Heavy  Metals  and  Acid  Radicals.  Lead  is  used  generally  as  red  oxide  or 
litharge  to  impart  brillianc}'  and  to  produce  glass  of  high  refractive  power. 
Red  lead,  l)ecause  of  the  oxygen  which  it  liberates,  is  preferred  to  litharge. 
Freedom  from  metallic  lead  and  discoloring  metallic  impurities,  such  as 
copper  and  iron,  is  required.  Zinc  is  used  as  oxide  to  replace  lime 
or  lead,  especially  in  the  modern  heat-resisting  glasses.  It  is  also  largely 
used  in  opal  glass.  Boric  acid  and  borax  are  used  in  optical  and  heat- 
resisting  glass  as  well  as  in  colored  glasses.  Phosphate  of  limey  bone  ash, 
is  used  to  produce  opalescence  or  opacity  depending  upon  the  quantity. 
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Bone  ash,  unless  it  is  present  in  large  quantity,  retjuires  "  relieating  " 
to  bring  out  the  opalescence.  Feldspar  is  used  as  a  source  of  alkalies 
and  alumina.  I'sed  with  fluorspar  it  produces  opal  glass.  Fluorspar 
used  with  feldspar  or  alumina  produces  opal  glass.  Iron  and  metallic 
sulphides  (lead  and  zinc)  are  the  chief  harmful  impurities.  Cryolite, 
sodium  aluminium  fluoride^  used  alone,  produces  dense  opaque  glass, 
but  owing  to  its  solvent  action  on  the  clay  pots  other  materials  are 
taking  its  place.  It  is  largely  used  in  making  opal  glass  by  tlie  tank 
method.  Arsenic  as  white  oxide  is  used  in  opalescent  and  opal  glass 
and  in  enamels.  Tin  oxide  is  used  to  a  limited  extent  in  colored  glasses 
and  in  enamels.  Antimony  as  oxide,  sulphide  or  metal  is  used  in  colored 
glasses  and  the  sulphide  is  employed  in  tank  glass  to  '*  improve  the  color." 

Coloring  Materials.  Uranium^  usually  as  sodium  uranate,  is  used  to 
produce  a  peculiar  yellow  fluorescent  glass.  When  in  the  ferrous  state, 
iron  colors  glass  green,  and  yellow  when  in  the  ferric  condition.  The 
temperature  of  the  furnace,  however,  materially  affects  the  state  of  oxida- 
tion of  the  iron,  a  high  temperature  changing  it  from  yellow  to  green  (see 
manganese.)  As  a  colorant  it  is  usually  added  as  red  oxide  or  iron  scales. 
Chromium  produces  green  and  greenish-yellow  glass.  The  oxide  Cr203 
is  very  hard  to  dissolve;  hence  potassium  dichromate  or  other  metallic 
chromates  are  used.  Manganese.  Black  oxide,  MnOo,  is  the  most  used 
of  all  the  coloring  oxides.  Jn  large  quantities  it  produces  black,  and  in 
less  amount  pui*ple  to  light  pink  color.  It  is  used  to  correct  the  color 
effect  of  iron,  which  is  always  more  or  less  present  in  glass  material.  It 
acts  as  an  oxidizing  agent  also.  The  quantity  of  manganese  to  be 
used  depends  on  the  amount  of  iron  present  and  the  temperature  of  the 
furnace,  as  the  hotter  the  furnace  the  more  manganese  is  recjuired.  The 
heat  ^'  bums  out  the  color."  (See  under  Iron.)  The  impurities  met  with 
are  iron  and  earthy  matter,  while  cobalt  is  sometimes  present  in  sufficient 
quantities  to  be  harmful.  Nickel ^  as  oxide,  is  used  in  a  veiy  limited  way. 
European  practice  substitutes  it  for  manganese  in  some  glasses,  but 
American  factories  have  not  found  this  satisfactory.  Cobalt,  as  oxide 
or  smalt,  is  employed  in  giving  an  intense  blue  color.  The  blue  from 
cobalt  shows  purple  by  transmitted  light.  Gold  as  chloride  or  i)urple 
of  Cassius,  is  used  to  produce  a  ruby  color.  Copper  in  the  cujirous  form 
produces  red,  in  the  cupric  it  produces  a  peacock-blue  color.  Selenium 
is  used  to  produce  a  red  color.  Cadmium  sidphide  forms  a  lemo:  yellow 
color  in  lead-free  glass.  Both  cadmium  and  selenium  are  usually  added 
after  the  glass  has  been  melted  in  the  pot.  Carbon  is  used  as  a  reducing 
agent  in  sulphate  glass.  In  the  form  of  coke,  oats,  bark,  and  other  organic 
matter  it  produces  an  amber  color  in  lime  glass. 

Pot  Furnaces.  Furnaces  in  which  the  glass  is  merited  in  clay  crucibles 
or  pots  are  known  as  pot  furnaces,  while  those  in  which  the  glass  is  melted 
in  one  large  rectangular  clay  tank  are  known  as  tank  furnaces  or  tanks. 
Pot  furnaces  are  either  open  or  closed,  and  may  be  fired  either  direct, 
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regenerative  or  recuperative.  Tanks  are  eitlier  "  day ''  or  continuous, 
workino:  either  intermittentlv  or  continuouslv.  The  direct  fired  coal 
furnace  is  still  used,  but  the  regenerative  furnace  is  the  most  satisfactorj- 
and  economical  of  pot  furnaces,  illustrated  in  Chap.  V.  In  this  type,  the 
burnt  gases  from  the  furnace  are  made  to  pass  through  fire  brick  checker- 
work  flues  which  then  become  highly  heated.  The  direction  of  the  draft  is 
then  reversed  by  suitable  dampers,  and  the  incoming  air  and  gas  are  led 
through;  while  the  burnt  furnace  gases  go  to  heat  another  checker  work 
which  has  become  cooled  l)y  the  incoming  air  and  gas  of  the  previous 
run.  Thus  the  burnt  furnace  gases  give  up  their  waste  heat  to  the  checker 
work,  which  in  turn  gives  it  up  to  the  incoming  gas  and  air.  In  practice 
this  reversal  of  draft  is  made  ever}-  twenty  or  thirty  minutes.  In  the 
recuperative  funiace  there  is  no  reversal  of  draft,  but  the  hot  burnt  gases 
pass  through  clay  tubes  which  by  conduction  give  up  their  heat  to  the 
incoming  air  and  gas.  This  furnace  is  used  abroad,  but  has  not  been 
adopted  widely  in  America. 

Tank  Furnace.  The  introduction  of  the  tank  furnace  marked  an 
epoch  in  the  glass  industr}'.  The  batch  is  put  in  a  shallow  fireclay 
tank  covered  with  a  refractory-  arch  of  silica  i)rick  and  heat  applied  to 
the  surface  of  the  batch.  The  simplest  form  is  the  intermittent  or 
**  Day  Tank."  The  batch  is  shoveled  in,  the  work  holes  are  closed  and 
heat  is  applied,  either  oil  or  gas  being  used.  When  the  glass  is  "  plain  '' 
the  heat  is  reduced,  the  work  holes  opened,  and  when  cooled  sufficiently 
the  glass  is  worked.  These  tanks  are  filled  in  the  afternoon  and  are  ready 
to  work  the  following  morning,  hence  the  name.  To  obviate  the  loss  of 
heat  by  this  method  continuous  tanks  are  used.  These  are  usually  much 
larger  than  the  day  tanks  and  are  usually  divided  into  compartments 
l)y  fireclay  obstructions.  The  batch  is  filled  in  at  one  end  of  the  tank. 
Figs.  176,  177  and  178,  and  after  melting  flows  under  the  obstruction 
to  the  working  end.  As  fast  as  the  glass  is  worked  out,  a  new  batch 
is  introduced  so  that  the  melting  and  working  go  on  continuously, 
thus  maintaining  a  nearly  constant  level  of  glass.  The  continuous 
tank  is  the  most  economical  form  of  glass  furnace,  and  wherever  large 
quantities  of  glass  are  made,  it  is  used.  The  glass  produced  is  not  so 
good  in  color  as  that  made  in  closed  pots,  so  that  for  the  finest  ware 
or  where  small  quantities  are  made,  pot  furnaces  are  still  employed. 

The  air  and  gas  passing  through  the  hot  checker-work  A,  B, 
burn,  pass  through  the  melting  compartment  and  out  to  the  slack, 
giving  up  their  residual  heat  to  the  checker-work  ^2,  ^2.  In  about 
twenty  minutes,  when  A  and  B  have  become  cool  and  A2  B2  hot,  the 
direction  of  the  draft  is  reversed.  By  such  reversals  a  minimum  of 
heat  is  lost  and  a  maximum  temperature  maintained. 

The  temperature  of  the  glass  furnace  is  indicated  by  means  of  pyrom- 
eters chiefly  of  the  thermo-electric  type.  A  temperature  of  1400-1500^ 
C.    is    usually    maintained   in    pot  furnaces,  while  in   tanks    the    tem- 
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perature  runs  somewhat  higher.  It  is  not  safe  to  run  nmeh  above 
this,  owinf^  to  the  danger  of  meitinp  the  pots  and  the  furnace  matemls. 
Melting  Pots.  These  are  of  two  kincis — open  and  covered.  The  covered 
pots  are  used  in  making  iiint  glass,  tlie  open  ones,  which  ai-e  rApidly 
being  replacetl  by  tank  furnaces, 
are  used  for  green  and  plate 
glass.  Tlic  manufacture  and 
handling  of  glass  pots  require 
great  care.  The  fiieclay  is  care- 
fully mixed  with  ground  burnt 
clay  (old  potahell),  and  after 
moistening  is  worked  into  a 
doughy  mass.  Men  then  tramp 
this  mixture  with  bare  feet  to 
increase  Us  plasticity,  and  after 
several  months  of  aging  it  is 
ready  for  use.  The  bottom  of  Horizontal  section  showing  where  batch 
the  pot  is  tii-st  formed  by  mak-  '»  f<^  '"•  ^^  '^^V  obstructions  known  as 
ing  a  layer  of  clav  four  or  five  f"^"-"*  "»der  which  the  glass  must  flow 
.     ,  ,  .  ,       ,      ■    ,        . ,  to  reach  the  workinK  end. 

mches  thick,  then  tne  sides  are 

built  up  a  few  inches  at  a  time, 

the  clay  being  worked  by  hand 

into  the  alread\-   built-up   part, 

Fig.  180.     When  not  being  built 

they    are    covered    with    damp 

cloths  to   keep  the  ciay   moist. 

After  the  pot  is  finished   it    is 

allowed  to  dr\'  in  a  warm  room 

of    constant    temperature,    and 

away  from  drafts.     After  several 

months  the  pot  is  ready  for  use; 

but  before   it  can  be  placed 

the  stack   it  must  be   gradually 

raised  to  the  temperature  of  the 

furnace.     This  preliminarj-  heating  is  done  in  an  auxiliary  furnace  knowTi 

as  a  pot  arch.  Fig.  181.  Having  been  raised  to  a  white  heat  the  pot  is 
transfep-ed  to  the  place  in  the 
funiace  made  vacant  by  a  broken 
pot.  This  operation  is  known  as 
"  pot  setting."  Before  using,  the 
pot  is  glazed  with  molten  glass  to 
Fio  177  —Open  Pot  retaid  the  action  of  the  batch  upon 

it. 
Pots  vary  in  sixe  from  those  holding  but  a  few  pounds  (known  as 

monkeys)  to  tho.se  holding  several  tons.     The  life  of  a  pot  varies  greath'. 


Fig.  176.— Continuous  Tank, 
es  tor  gae  and  air; 
'air  checker  work; 
=Kaa  checker  work; 
P  —  ports  tor  entrance  and 
—silica  brick  arch. 


A,Ai  = 


of  gas  and  a 
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It  may  be  broken  from  the  outside  by  &  sudden  change  of  temperature, 
or  by  one  of  many  other  I'tiuses,  but  the  natural  eiwl  of  a  pot  is  by  cor- 
rosion from  the  insicie.  This  corrosion  varies  with  the  different  kind  of 
batches.  Some  pots  may  last  but  a  few  weeks,  while  others  may  remain 
perfectly  good  for  a  year.  Sometimes  a  pot  is  taken  out  before  it  breaks 
because  it  is  introducing  small  pieces  of  clay  (stones)  into  the  glass. 

Melting  Process.  The  batch,  made  by  weighing  and  carefully 
mixing  the  various  materials  together  with  some  broken  glass  (cullet), 
is  filled  into  the  pot  and  the  stoppers  luted  on.  After  this  charge  has 
melted  more  material  is  added  until  the  pot  is  full;  usually  one  such 
"  topping  "  is  sufficient  to  do  this,  but  sometimes  it  must  be  repeate^l. 
Some  factories  do  not  top  excepting  over  Sundaj-,  but  get  the  glass  (|uickor 
during  the  week  with  "  one  filling."  Test  pieces  (proofs)  are  taken  out 
from  time  to  time  on  the  end  of  an  iron  hook.     The  glass  at  first  shows 


Fio.  17R.* — A  Type  of  Continuous  Tank,  Bhowing  another  form  ot  obstriiclion — a  wall 
with  an  opening  at  the  bottom  through  which  the  glaas  flows  to  the  workiiie  end, 

opaqueness,  gradually  becoming  vitreous  and  transparent,  but  full  of 
small  bubbles  (.seed).  As  the  melting  proceeds,  however,  those  bubbles 
become  fewer  and  larger  and  finally  when  tliey  have  all  "  gone  off  " 
the  pot  is  "  plain  "  and  ready  to  ."  take  down."  The  stoppere  are  now 
removed  and  the  pot  allowed  to  cool,  either  naturally  or  by  blowing  air 
into  it.  The  dirt  and  impurities  are  removed  from  the  surface  and  the 
glass  or  "  metal,"  as  it  is  called,  is  ready  to  work.  The  ordinan,'  practice 
is  to  work  a  coveivd  pot  every  other  day,  but  whci^e  the  pots  are  not 
topped  or  the  furnace  is  veiy  hot  they  may  be  worked  oftenev,  Xo 
definite  time,  however,  can  be  given  for  the  length  of  melting,  as  it  varies 
with  the  size  and  thickness  of  the  pot,  the  kind  of  glass  being  melted  and 
the  temperatvire  of  the  furnace. 

The  reactions  taking  place  in  a  glass  funiace  cannot  be  given  with 
any  degree  of  accuracy,  but  the  process  of  the  fusion  is  the  union  of 
the  bases  and  silica  to  form  mixed  silicates  with  the  liberation  of 
carbon  dioxide  and  in  some  cases  oxygen,  sulphur  dioxide  or  other  gases. 
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Among  the  defects  of  glass  uto  the  following: 

Seedy.     Containing  small  bubbles  of  unexpelled  gas.     This  is  caused 


— MakiTiRPo(9,  showinR  how  the  clay  ie  worked  in  by  hand  and  monkey  pots 
in  various  AtagcK  of  manufacture. 


usually  by  too  low  a  tcni|)eniture 
glasses  (especially  optical  glass  co 


Fir,.  181, — Covered  Pot,  showing  pot  arch. 
This  pot  wcifEha  alM>ut  ;{000  lbs.  and  will 


ability  to  an  eMi 
kikown. 


ir  not  sufficient  time  in  melting.     Some 
tuininjj  liariuni)  ai^e  impossible  to  plain. 

Stony.  Containing  unlii^J.'<€lIve^l 
poition.s  of  batt'li  or  .small  particles 
of  clay  from  tlie  wall.s  of  the  pot  or 
tank. 

Cordy,  wavy.  The  gla.*s  not 
bchig  perfectly  clear,  but  haviiiir 
threads  or  more  or  ]es.s  sharpness 
nmning  through  it. 

High  Color.  Pink  from  excess 
of  manganese. 

Low  Color,  (ireen  fnmi  exccs.< 
of  iron. 

Processes  of  Manufacture.  The 
working  of  glass  depends  upon  tho 
fact  tlmt  it  passes  from  a  li<|iiitl 
to  a  solid  state  without  cn-stalli- 
zatiou  and  pos,ses.ses,  ivlien  in  a 
IhH  cimdition,  ductility  and  malle- 
The  plnsical  properties  of  glass  are  ivell 
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Casting.     Plate  glass  ia  made  in  open  pots  that  can  be  removal  from 

the  furnace  aulI  their 

rontents  poured  on  ii 

rusting  table  and  tlieii 

rolled   to   the  dcsiied 

tliickness  by  a  metal 

roller.  (Fig.  182.)  The 

plate  of  eaat  glusa  is 

then     transferiixl    to 

a    kiln    or    annealing 

oven  (lehr)  and  gradu- 
ally  allowed  to   cool. 

.Vf  ter  the  plate,  which 

is  rough  and  uneven, 

is   cooled,   it  is   fast- 

eneil  to  a  table  with 

plaster       of       Paris, 

ground    witli    revolv-     y^^  is-2.'— Removing  a  Pot  of  Plaio  Clnss    from  the 

ing  iron   rubbera  and  Melting  Fur naw  to  the- CasiiugTabk. 

sand,  first  coarse,  then 

finer  until  the  surface  is  even    and  smooth.      It   is    then    polished    by 

felt-covered   rubbers  and  rouge  paste.    The  plate  is  then   i-eversed  aiid 

the  other  side  ground 
and  polii^hed. 

Unpolishetl  plate 
glass,  known  as 
rough  phiie,  is  made 
similar  ti>  regular 
plate  glass  except- 
ing that  the  glass 
is  taken  from  llio 
pot  in  large  .steel 
'  ladles  and  jtoured  on 

a  ial)lebclweengui(!es. 
The  table  or  the 
roller  often  liave  a 
design  on  t  hem , 
thus  producing  orna- 
mental effecl.s  in    the 

Fig.  lS3.'-C;istii»g  Plate  Glass.  ^^'i'"e  ghiss  is  rolled 

plate  in  which  wire  has 

been  imbedded  dui'ing  the   rolling  process.     Special  care  is  necessary  to 

prevent  this  glass  from  fij-ing  apart  owing  to  unequal  expansion  of  the 

*  Cuts  loaned  by  H.  L.  Dixon  Co.,  Pittsburgh. 
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glass  ^iii!  wire.  Polir-hed  |>iatc  glass  of  opal  antl  bliick  glass  have  been 
niado  aiid  used  (or  titlile  tops,  sanitary  wall,  and  for  other  purposes. 
Pressing,  (.ilass  is  gathered  on  the  end  of  an  iron  rod  (punty) 
b}-  revolving  it  rapidly 
in  the  molten  glass. 
It  is  thea  carrietl  to 
the  workr.ian  (prc.s- 
ser),  «"ho  cuts  off  with 
shears  the  r.nioiint 
desired  and  liilov.s  it 
to  di-op  ii:to  the 
mould.  A  metal 
plunger  is  then  forceil 
into  the  mould  and 
forces  the  glass  to  fill 
the  spate  between  the 
pi  un  ger  and  the 
mo  u  Id  ,  Fig.  ISo. 
■\Vlien  the  glas.s  ha.s 
become  fnm,  the 
plunger  is  withdmwii. 
the  mould  oi>ened  and 
the  article  either  sent 
n  an  auxiliary  fumacf 


I'k;,  184.*— Slurtiiifr  ii  Cylimlcr  of  Window  Glass. 


direct   tc  the    aiiiieidiiig  uvci 
{glory  hole)  to  remove  moiili 


o)-   first  reheatctl 


irks  or  to  alter  the  shape. 


Fii^.  IS.).'— MouUU  for  Pressing  and  Blowing  a  Bottle. 
Jlf  =  press  niould ;   R=^ri[ig;   /"  —  [jluiigpr;- A'  =  blow  mould;  (i  =  gla8S. 

Pres-s  moulds  are  made  of  cast  iron  and  so  constmcted  that  the 
pivssed  article  can  be  easily  i-emovctl.  The  temperature  of  the  mould  and 
plunger  is  regulated  by  stwams  of  air  bloHii  against  them,  the  expan.«ion 
and  contraction  of  the  mould  being  carefully  controlled  by  the  workman. 
The  plunger  is  usually  operated  by  hand  power,  hut  for  some  purposes 
steam  or  conii>ressed  air  is  used. 

Blowing.  Window  gla.>;s  until  recently  wis  entirely  hand  mj;df-. 
but  niiicliines  ai-e  lieiiig  introduced  which  are  replr.cing  hand  labor.  In 
the  hand-made  glass  the  wiirknian  gathei-s  a  lump  of  glass  on  the  end  of 
a  hollow  iron  pii>e  and  after  cooling  it  a  little,  iiui-(«lucos  it  into  the  molteu 
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ghi^is  and  gathers  nioro.     This  in  repeatPti  until  he  has  sufficient  for  liis 

purpose.     Then   !>}■    blowing   and   swinging   and   further   manipulation 

(Kig.  186),  he  pitnlucDs 

a     large    c>'linder    of 

glass.       Tile     surplus 

giasri     is    cracked    off 

the  ends  of  the  cylin- 
der and  it  is  cracked 

lengthwise     for     the 

next  operation.     Fig. 

187.     The  cylinder  is 

then  gradually  heated 

in  a    flattening  oven 

and   as   it   begins   to 

soften  it   is  flattened 

b\'  rubbing  on  a   flat 

«tono,  after  which  it 

is  transferred   to   the 

iinnealing    oven    and 

gradually    withdm™  j.,^  186.'-Blo«-ing  Wi.idow  Glass. 

from  the  heat. 

\\indow  glass  Is  now  generally  made  in   continuous   tanks,   which 

have  replaced  the  old  open-pot  funtuces. 

Machine-made  window  glass  is  made  by  immersing  a  blowpipe  in 
molten  glass,  intro- 
ducing compressed  air 
and  gradually  with- 
dra«'ing  the  blowpipe 
from  the  molten  glass. 
B\-  carefully  regulat- 
ing the  speetl  of  with- 
dniwalandthetimouiit 
of  air  introduced  cyl- 
inders of  any  length 
are  made  and  flattened 
as  usual. 

Another  pi-ocess 
which  has  not  passed 
theexperimcntal  stage 
is  to  replace  the  blow- 
pipe by  a  flat  bar  and 
Prepara-  p,i^sing  over  rollci"s 
into  a  continuous  lehr 

produce  a  continuous  sheet  wliich  is  cut   off   ami   sclectwl   as  it   comes 

from  the  lehr. 


Fig.  187.* — Splitting  n  Cylinder  of  Window  Gbi 
tory  to  Flallening, 
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Crown  Glass.  Crown  glass,  once  the  chief  source  of  sheet  glass,  is 
now  made  only  for  special  puiposes,  such  as  niieroscope  slides  and  cover 
glasses,  where  a  surface  free  from  imperfections  is  rpquh-ed.  It  is  made 
by  blowing  u  ball  of  glass,  attaching  to  the  side  away  fiom  the  gathering 
iron  a  hot  iron  rod  (pmity)  and  cracking  it  off  the  gutheiing  iron.  The 
glass  is  then  heated  and  rapidly  revolved  until  it  forms  a  large  flat  disk, 
when  it  is  annealed  and  selectetl. 

Hollow  Ware.  Hollow  ware  is  shaped  in  moulds  of  metal  or  wood. 
The  glass  is  gathered  on  a  hollow  pipe,  and  after  shaping  by  rolling  on  a 
polished  plate  (inarver)  or  revolving  in  a  hollow  iion  or  wooden  block 

it  is  blown  into  the 
mould  and  takes  Its 
shape.    Fig.  1S8. 

In  the  case  of 
chimneys,  tumblers 
and  other  cylindrical 
articles  the  glass  is 
revolved  in  the  moiild 
ami  sliows  no  joint  or 
mould  mark.  Such 
moulds  are  lined  with 
charcoal  or  special 
paste  which  enables 
the  glass  to  be  turned. 
In  the  case  of  Inn- 
/  tern  globes  or  articles 
with  raised  or  sunken 

^     ,„«.,..     ■     w     ,       n.  ■_  patterns  the  glaws  is 

Tig.  18S.*— Blowinn  Lantern  Globes.  f ,  .  ,      " 

blown   without   turn- 
ing and  takes  the  exact  impression  of  the  mould  (iron  mould). 

Bottles.  Bottles  are  made  by  blowing  in  a  mould,  and  after  reheating 
the  neck  is  finished  with  a  special  tool. 

The  recent  advances  that  have  been  made  in  the  making  of  bottles 
and  fruit  jars,  combine  pressing  and  blowing.  A  blank  is  pressetl  in 
a  mould  having  the  shape  of  the  neck  and  with  a  weight  of  glass  sufficient 
to  make  the  bottle.  This  blank  is  then  removed  by  means  of  a  ring  and 
placed  in  a  mould  the  shape  of  the  finished  bottle  and  blowTi  to  shape 
by  compressed  air.  Fig.  ISO.  In  some  machines  a  gatherer  and  presser 
are  required,  in  others  only  a  gatherer,  while  in  the  Owens  machine  the 
entire  operation  is  done  mechanically.  In  this  niacliine  the  glass  flows 
from  a  melting  tank  into  one  which,  revolving,  carries  the  molten  glass  to 
the  machine.  The  machine  sucks  up  sufficient  glass  to  make  the  bottle 
and  at  the  same  time  fonns  the  neck.  It  is  tlien  carried  to  a  mould  in 
which  it  ia  blo^m  to  its  final  shape.  Machuie-made  bottles  are  rapidly 
displacing  the  hand-made  ones. 


GLAyS  325 

Large  objects,  such  as  vats,  jars  and  even  bathtubs  have  been  made  by 
the  Sievert  process.  Molten  glass  is  cast  on  a  perforated  metal  table  and 
after  being  properly  distributed  the  chilletl  edges  of  the  glass  are  clamped 
and  the  table  turned  over.  The  hot  glass  sags  and  is  then  blown  into 
shape  by  compressed  air.  A  mould  or  other  form  is  used  to  give  the 
desired  shape. 

Optical  Glass.  Optical  glass  is  usually  made  in  a  (me  pot  furnace 
and  differs  from  other  glass  in  being  allowed  to  remain  in  the  pot  until 


Fio.  189.' — Pressing  and  Blowing  Machino.     On  the  Ml  Ihe  pnwf;   on  the  riuht  the 
device  for  blowiog  with  rompressed  air.     -See  FiR.  1S8. 

it  has  become  co<)l.  The  biitt-li  is  melted  and  after  it  lias  become  "  plain  " 
i.s  stirred  with  a  burnt  fire-clay  rod  to  produce  uniformity  and  destroy 
stria;.  Then  the  glass  is  quickly  cooled  until  it  loses  its  fluidity,  and  after 
this  it  is  verj'  gradually  cooled.  When  cool  the  pot  is  broken  open  and 
the  glass  sorted.  Only  a  small  portion  is  fit  for  use.  In  recent  times 
advances  have  been  made  in  this  kind  of  glass,  esiK^cially  at  Jena,  where 
many  of  the  optical  glasses  have  originated. 

Annealing,  In  all  the  processes  of  manufactui-c,  with  but  few  excep- 
tions, the  finished  articles  while  still  hot  are  taken  to  an  oven  and  gradu- 
ally cooled.  If  glass  is  cooled  suddenly  it  develops  great  internal  strain 
HO  that  it  is  likely  to  fall  to  pieces  under  change  of  temperature  or  when 
its  surface  is  scratchctl.  An  extreme  case  of  sutlden  cooling  is  the  Prince 
Rupert  drop,  a  piece  of  glass  pritdiiccd  by  dropping  a  bit  of  molten  glass 
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tough,  but  if  scratched  with  a  file  or  its  thin  tail  broken  the  drop  flies  into 
a  line  powder.  Glass  possessing  internal  strain  is  readily  detected  under 
polarized   light. 

To  obtain  glass  free  from  strain  it  must  !)e  "  annealed  "  or  cooled 
gradually.  This  is  accomplished  either  by  placing  the  finished  article 
in  a  heated  room  and  allowing  the  fire  gradually  to  die  out  (kilns  or 
ovens)  or  by  gradually  withdrawing  the  article  from  the  heat  (leers). 
The  former  method  is  used  for  heavy  articles  such  as  carboys,  plate 
glass,  blanks  for  cutting,  and  optical  glass,  while  the  continuout  lehris 
used  for  lighter  ware.  Recently,  however,  such  improvements  have  been 
made  in  continuous  leers  that  large  articles  and  even  plate  glass  can  be 
successfuUv  annealed  in  them. 

The  time  of  annealing  varies  from  a  few  hours  in  the  leers  to  a  week 
or  more  in  the  kilns,  depending  on  the  thickness  and  composition  of 
the  glass.  In  annealing  optical  glass  the  cooling  is  carefully  controlled 
and  of  long  duration,  as  any  sign  of  internal  strain  renders  it  mifit 
for  use. 

Colored  Glass.  Amber  is  produced  l)y  the  addition  of  carbonaceous 
matter,  e.g.,  grain,  coke,  coal,  sawdust,  or  other  organic  matter,  to  a  lime 
glass.  The  intensity  and  shade  of  color  depend  on  the  kind  and  quantity 
of  matter  added.  Amber  is  also  produced  b\'  sulphur  and  certain  sul- 
phides. Black  is  produced  Ijy  an  excess  of  coloring  matter  such  as  man- 
ganese, cobalt,  or  iron.  Blue  can  be  produced  by  coljalt  or  copper.  When 
produced  by  cobalt  it  is  dark,  showing  purple  by  transmitted  light.  The 
copper  blue  is  a  less  intense  color,  bordering,  on  the  green.  Canary ,  a 
special  color  produced  b}'  uranium.  See  yellow.  Green,  Chromium  or 
iron  alone  will  produce  a  green  glass,  though  it  is  usually  made  by  com- 
bining several  oxides,  such  as  copper  and  iron  or  chromium  and  copper. 
GriVj:  ^'  London  Smoke."  "When  substances  producing  complementary' 
colors  are  added  to  the  same  glass  a  gray  color  is  produced.  Opalescent. 
Glass  resembling  the  ()i)al  is  produced  by  the  addition  of  arsenious  oxide 
and  calcium  phosphate.  "When  this  glass  comes  from  the  pot  it  is  color- 
less, but  on  allowing  it  to  cool  and  then  reheating,  the  opalescence  is 
developed.  If  the  cooling  is  carried  too  far  the  opalescence  is  lost  and  a 
milky  effect  produced.  Opal  or  white  opa(iue  glass  was  originally  pro- 
duced l)y  the  addition  of  cryolite  or  an  excess  of  calcium  phosphate 
into  cold  water.  Instead  of  flying  to  pieces  it  l)ecomes  very  hard  and 
(bone  ash).  Mixtures  of  fluorspar  and  minerals  containing  aluminium, 
such  as  feldspar,  have  ])een  substituted  and  recently  artificial  compounds 
bearing  fluorine,  such  as  aluminium  fluoride,  and  sodium  silico  fluoride, 
have  been  used.  Purple  is  produced  l)y  manganese  dioxide.  Red  or 
Ruhif  is  produced  l)y  gold,  selenium  or  copper.  In  the  use  of  copper 
great  care  is  required  to  have  the  copper  in  the  right  condition  of  division 
and  leduction.  The  glass,  as  it  conies  from  the  pot,  is  usually  light  green 
in  cclor  but  on  cooling  and  reheating  an  intense  red  (such  as  is  used  for 
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railroad  signal  lights  is  produced.  The  color,  however,  is  usually  too 
intense  for  use  alone  so  it  is  "  flashed  ''  by  gathering  a  small  quantity 
of  the  ruby  glass  and  then  covering  it  with  sufficient  clear  glass  to  make  the 
desired  color.  ''  Flashing  "  is  frequently  resorted  to  in  making  colored 
sheet  glass.  Gold  ruby  is  worked  ver}'  much  the  same  as  copper  ruby, 
excepting  it  can  be  produced  sufficiently  light  in  color  to  be  used  alone, 
though  flashing  is  often  used  to  reduce  the  intensity.  Gold  ruby  as  it 
comes  from  the  pot  is  colorless  or  yellow,  but  when  properly  cooled  and 
reheated  develops  the  ruin'  color. 

The  cause  of  the  peculiar  action  of  these  and  some  other  glasses  has 
recently  been  discovered  by  the  researches  of  Siedentoff  and  Szigmondi  on 
ultra  microscopic  particles.  They  have  shown  that  the  metallic  gold  or 
cuprous  oxide  exists  in  an  extremely  fine  state  of  division  probably  held 
in  a  mechanical  suspension  j'esembling  a  colloidal  solution.  Thus  it  is 
that  if  the  gold  or  copper  remain  in  solution,  as  when  they  come  from  the 
pot,  the  red  color  is  not  produced,  but  if  the  correct  manipulation  of  the 
glass  takes  place  the  colloidal  solution  is  produced  and  the  red  coloration 
results. 

Artificial  gems  are  higlily  refractive  glasses  of  purest  materials  and 
colored  with  metallic  oxides  to  imitate  precious  stones.     The  colorless 
glass  is  known  as  strass.     These  glasses  are  usually  soft,  because  of  the 
arge  quantity  of  lead  used  to  produce  the  high  refractivity. 

Finishing  Processes.  Decorated  or  painted  glass  is  produced  by 
painting  on  the  glass  with  easily  fusi])le  glazes.  These  glazes  are  finely 
ground,  mixed  with  oil  and  applied  to  the  object  and  after  dr}'ing  it  is 
put  in  a  kiln  and  heated  sufficiently  to  fuse  the  glazes.  Cut  glass  is 
usually  a  highly  refractive  lead  glass  which  when  cut  shows  a  beautiful 
play  of  prismatic  color.  The  design  is  first  marked  out  with  red  paint 
and  then  "  roughed  "  with  sand  on  an  iron  wheel.  It  is  then  *'  smoothed  '' 
on  a  fine-grained  stone  wheel  and  finally  polished  on  a  wood  wheel 
with  putty  and  pumice.  Of  recent  years  this  last  operation  has 
been  replaced  by  dipping  in  strong  hydrofluoiic  acid.  Glass  is  obscured 
or  roughed  by  means  of  sand  blast  or  by  dipping  in  a  bath  of  alkaline 
fluorides. 

In  etching  designs  on  glass  a  print  is  made  on  paper,  using  a  protective 
wax  as  ink.  This  print  is  transferred  by  rubbing  it  upon  the  glass.  The 
paper  is  removed,  leaving  the  ink  design  on  the  glass.  The  inside  of  the 
article  is  now  protected  by  wax  and  then  immersed  in  hydrofluoric  acid. 
The  acid  etches  the  part  exposed,  but  does  not  affect  the  parts  protected 
by  the  ink  or  wax.  The  wax  is  then  removed  by  hot  water,  leaving  the 
finished  design.  Often  the  glass  is  first  obscured  by  the  sand  blast  and 
the  design  etched  in  the  xx)ughcned  surface. 
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APPROXIMATE  COMPOSITIONS  OF  VARIOUS  KINDS  OF  GLASS 


Plate. 

Window, 

Lime  Flint. 

Lead  Flint. 

SiOj 

71 

71 

74 

'          54 

PbO 

35 

CaO 

Na,0 

K,0 

13 
U 

11 
15 

7 
19 

11 

■**2^'  ••• 

1-2 

1-2 

Fe»03    /    

The  iron  and  alumina  vary  with  the  purity  of  the  materials. 


APPROXIMATE  BATCHES  FOR  GLASS. 


PlcUe  Glass. 

Sand 100 

Soda  ash 30 

Limestone 30 


Lime  Glass, 

Sand 100 

Soda  ash 35 

Lime 12 

Nitre 10 


Lead  Glass. 

Sand 100 

Potassium  carbonate  35 

Red  lead 60 

Nitre 10 


Gullet  is  added  to  the  above  batches  in  varying  proportions. 
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DUTCH   PROCESS  WHITE   LEAD 
CUSTA\E  W.  THOMPSON 

Chiff  Chani'U,  National  Lead  Company,  Brooklyn,  S.  Y. 

Lead.  Lea<i  is  usually  found  as  an  ore  in  combination  with  sulphur 
as  lead  sulphide  or  galena.  Galena  is  usually  associated  with  other 
minerals,  from  which  it  must  be  separated.  This  is  done  by  crushing, 
grindii^,   and   concentration   until   rich   "  concentrates  "   are   obtuned. 


Fig.  190.— Casting  Lead  "Buckles." 

The  "concentrates  "  are  roasted  and  smelted.  By  this  treatment  the 
sulphur  is  driven  off  and  crude  lead  obtained.  This  crude  lead  is  then 
refined  to  remove  the  copper,  silver,  and  other  impurities,  and  "  corroding 
pig  lead  "  is  obtained. 

Corroding.  To  change  this  pig  leati  into  white  lead,  it  is  subjected  to 
the  corroding  gases  produced  by  the  fermentation  of  refuse  tan  bark. 
Special  buildings  are  provided  for  this  purpose,  knottii  as  "  corroding 
houses."     These  "  corroding  houses  "  are  buildings  about  30  ft.  high  with 
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floor-Space  frequently  about  20  ft.  X  40  ft.  The  floor  of  this  building  may 
be  of  ordinary  earth,  and  upon  it  a  layer  of  spent  tan  bark  is  placed  about 
20  ins.  thick.  On  this  is  placed  a  layer  of  corroding  pots  covering  the 
entire  floor,  except  around  the  edge.-i  where  tan  bark,  known  as  "  bank- 
ing," ia  packed. 

In  each  corroding  pot  about  half  a  pint  of  weak  acetic  acid,  containing 
about  25  per  cent  of  glacial  acetic  acid,  is  placed-  These  pots  are  then 
filled  with  lead  buckles.  On  top  of  the  pots  a  layer  of  boards  is  placed, 
and  on  these  boards  another  layer  of  tan  bark.  Another  layer  of  pots 
is  placed  on  this  second  layer  of  tan  bark;  these  pots  are  filled,  a^  nith 


Fio.  191.— iSetling  I^ad  "Bucklea"  in  Pots. 

the  first  layer,  and  other  layers  are  placed  on  this  until  there  are  from 
8  to  10  layers  or  "  tiers  "  in  the  stack. 

For  the  corrosion  of  lead  to  white  lead,  a  certain  amount  of  ventilation 
is  necessary  so  that  the  moisture  can  be  carried  off  from  the  stack.  This 
is  done  in  various  ways.  A  typical  way  is  to  provide  a  wooden  pipe 
that  shall  run  from  each  tier  up  near  the  center  of  the  stack  to  the  top. 
On  the  top  of  this  pipe  is  an  outlet  which  may  l>e  opened  or  closed  as 
may  be  desired. 

Chemical  Change.  Wien  the  stack  has  been  built,  the  tan  bark  com- 
mences to  ferment,  liberating  carlwn  dioxide,  and  generating  considerable 
heat.  The  heat  causes  the  acetic  acid  to  evaporate  and  its  fumes  attack  the 
lead  buckles.  In  a  short  time  these  buckles  are  covered  with  a  layer  of 
ba-sic  acetate  of  lead.  The  carbon  dioxide  generated  by  the  fermentation  of 
the  tan  bark  then  decomposes  the  basic  acetate  of  lead,  producing  white  lead 
or  ba.sic  carbonate  and  liberating  neutral  acetate  of  lea<i  which  has  a  strong 
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solvent  action  upon  lead  itself.  This  fermentation  ami  corrosion  of  tlie 
lead  continues  until  most  of  the  lead  is  changed  into  white  Ifad.  At 
times,  the  heat  generated  by  the  fermentation  of  tiip  tan  hark  rises 
rather  high,  sometimes  exceeding  180°  F. 

Grinding.  When  the  fermentation  of  the  tan  bark  has  practically  ceased 
and  the  corroding  action  is  nearly  finished,  the  "  stack,"  as  the  whole  hotly 
of  tiers  is  called,  is  taken  down,  or  "  stripped,"  corainoneing  at  the  top. 
The  corroding  operation  takes  from  100  to  130  days.  Wlien  the  stack 
is  strippe<l,  it  is  found  that  the  metallic  lead  that  was  originaJly  in  the 
pots  has  been  changed  to  a  white,  porcelain-like  material,  which  is  white 
lead.  All  of  the  metallic  lead  originally  present  ha.s  not  f>een  corroded 
however.     It  is  necessary,  therefore,  to  remove  the  remaining  metallic 


Fio.  192.— Starling  to  Strip  Stack. 

lead,  and  to  grind  finely  the  white  lead  in  order  to  make  it  a  suitable 
pfunt  material.  This  work  is  done  largely  in  iron  machinerj-  that  is  air- 
tight, so  that  the  dust  formed  will  not  escape.  The  corroded  lead  from 
the  stacks  is  first  passed  through  a  screen,  covered  with  sheet-steel 
perforated  with  rather  lai^e  holes.  This  screen  tumbles  the  lead  about, 
breaking  up  the  white  lead  sufficiently,  so  that  it  pas.ses  through  the  holes 
in  the  steel  covering,  while  the  large  pieces  of  metallic  IcatI  pa-*s  out  as 
tailings,  to  be  re-melted  for  further  use.  This  coarse  wliite  lead  is 
then  passed  through  rolls  and  fine  screeas  to  remove  the  finer  metallic 
lead;  following  which,  the  white  lead  reaches  the  condition  known  as 
"  unground  carbonate  "  and  becomes  suitable  foV  water-grinding.  The 
unground  carbonate  is  mixed  with  water  and  ground  with  high-speed 
millstones  so  that  every  particle  will  pass  through  fine  silk  bolting  cloth. 
The  white  lead  in  water  after  grintling  is  also  floated  a  long  distance 
so  that  any  coarse  and  unground  particles  may  settle  out.     The  water 
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containing  the  white  lead  is  pumped  into  lai^  t^nks  and  allowed  to 
settle. 

Pulp  Lead.  Tlie  thick  mixture  of  white  lead  and  water,  calle<l "  pulp," 
which  settles  to  the  bottom,  is  pumped  onto  drjing  pans  made  of  copper 
and  dried  with  exhaust  steam,  the  product  l)einK  the  dry  lead  of  commerce. 
This  drj-  white  lead  is  mixed  with  linseed-oil  and  ground  through  burr 
mills  to  produce  a  wliite  lead  paste,  which  is  the  commercial  white  lead 
in  oil.  Sometimes,  the  white  lead  pulp  is  mixed  directly  with  refined 
linseed-oil  in  special  mixers,  the  oil  combining  mechanically  with  the 
white  lead,  producing  white  lead  in  oil  of  commerce,  the  water  being 
eluninated.  Certain  points  in  connection  with  the  manufacture  of  white 
lead  by  the  Dutch  process  deserve  special  consideration. 


Fia.  193.— Rake  Tuba,  throi^h  which  White  Lead  is  Floated. 

Corroding  Pig  Lead.  In  the  Dutch  process  a  very  pure  pig  lead  is 
needed,  as  the  more  objectionable  impurities  are  not  eliminated  to  an 
appreciable  extent  in  the  process  of  manufacture.  There  are  few,  if 
any,  metals  found  in  commerce  as  pure  as  the  best  grades  of  cor- 
roding lead. 

Impurities.  Sih'er  and  copper  arc,  however,  the  most  objectionable 
impurities,  and  should  not  cxcee<i  0.0010  per  cent.  In  zinc  desilver- 
ization  by  the  Parkes  process,  both  silver  and  copper  are  removed  well 
below  this  limit.  Bi.smuth  is  a  common  impurity  in  pig  lead;  it  is  not 
remo\'cd  by  the  Parkes  proces.s.  Refining  by  the  electrolytic  process, 
or  by  crystallization,  as  in  the  Pattinson  process,  eliminates  bismuth. 
Bismuth  is  objectionable  principally  from  the  manufacturing  standpoint, 
and  only  occasionalh'  imparts  a  gray  tint  to  white  lead  containing  it. 
The  manufacturing  difficult}"  occasioned  by  bismuth  is  to  be  found  in 
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its  tendency  to  collect  on  the  millstones  in  an  alloj'  of  lead  and  bismuth 
somewhat  richer  than  the  original  pig  lead.  Iron  does  not  alloy  with 
lead  appreciably,  so  that  in  melting  pig  lead  to  cast  it  into  buckles,  the 
iron,  which  may  have  been  present  in  the  pig  lead  as  a  mechanical 
impurity,  is  eliminated.  The  maximum  solubility  of  iron  in  lead  is  about 
0.0015  per  cent. 

While  a  very  pure  pig  lead  is  needed  for  the  manufacture  of  white 
lead  by  the  Dutch  process,  this  does  not  necessarily  operate  against 
the  process  as  an  element  of  cost,  as  the  refining  of  lead  is  a 
desilverizing  process,  and  the  silver  recovered  generally  pays  for  the 
cost  of  refining.  Attempts  to  manufacture  white  lead  from  the  low 
grades  of  pig  lead  running  relatively  high  in  silver  and  copper 
should  not,  consequently,  be  favored  from  the  standpoint  of  economy 
of  operation. 

Acetic  Acid.  The  amount  of  28  per  cent  acetic  acid  used  in  the 
corrosion  of  white  lead  by  the "  Dutch  process  seldom  exceeds  1  per  cent 
of  the  lead  set.  Some  of  this  acetic  acid  is  carried  away  in  the  flue  gases 
and  is  lost,  some  is  eliminated  in  the  wash-w^ater,  and  the  remainder 
stays  with  the  white  lead,  combined  in  some  form  of  insoluble  acetate. 
Ordinarily  the  amount  of  acetic  acid  present  is  about  0.08  per  cent. 
There  is  no  evidence,  based  on  practical  experience,  that  this  acetic 
acid  is  objectionable.  There  is  strong  evidence  that  a  ver}''  much 
larger  percentage  of  acetic  acid  may  be  present  without  appreciable 
injury  to  the  product.  Very  carefully  conducted  painting  tests,  show 
no  difference  in  durability  Ijetween  the  ordinary  Dutch  proce&s  white 
lead  and  one  to  which  acetate  of  lead,  equivalent  to  0.50  per  cent  of 
glacial  acid  had  been  added. 

Fermentation.  The  micro-organisms,  which  are  in  part  the  cause 
of  the  generation  of  carbon  dioxide  from  the  tan  bark,  have  not  been 
isolated,  and,  so  far  as  I  know,  attempts  that  have  been  made  have  been 
unsuccessful  in  obtaining  pure  cultures.  The  indications  are  that  the 
oxidation  of  the  tan  bark  in  the  early  stages  of  the  corroding  action  is 
due  to  fermentation  produced  by  micro-organisms,  but,  when  the  heat 
has  reached  a  certain  point,  the  oxidation  is  in  the  nature  of  slow  com- 
bustion, in  which  micro-organisms  have  little  or  no  part. 

Pulp-mixed  White  Lead.  We  have  mentioned  how  white  lead  in 
water  can  be  mixed  with  linseed-oil,  with  the  result  that  the  oil  displaces 
the  water  and  combines  mechanically  with  the  white  lead.  This  is  the 
basis  of  pulp-mixed  white  lead.  Its  manufacture  is  more  sanitary  than 
dry  grinding,  and  this  is  the  principal  reason  why  the  pulp-mixed  process 
has  been  used.  Pulp-mixed  white  lead,  however,  is  somewhat  whiter 
than  dry  ground,  because  there  is  less  overheating  in  the  mills,  and  some 
of  the  mechanical  impurities,  such  as  tan  bark,  are  eliminated  with  the 
water.  The  amount  of  water  left  in  pulp-mixed  lead  seldom  exceeds 
0.50  per  cent,  and  usually  is  much  less  than  this.     There  is  no  evidence 
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that  this  water  operates  injuriously  upon  the  paint  prepared  from  pulp- 
mixed  lead,  nor  is  there  any  evidence  that  pulp-mixed  lead  is  inferior 
in  any  respect  to  the  old-fashioned  lead  ground  in  chasers  and  then 
through  burr  mills.  Evidence,  on  the  other  hand,  has  been  obtained 
that  pulp-mixed  lead  is  equal  in  all  its  qualities  to  dry  ground,  and,  in 
addition  to  that,  it  works  somewhat  better  for  inside  work  where  what 
is  known  as  **  flat  work  ''  is  done. 

What  White  Lead  is.  The  name  white  lead  applies  to  a  compound 
consisting  of  carbonate  of  lead  and  hydrate  of  lead  in  chemical  union. 
It  is  a  commercial  name,  and  is  distinctive  of  a  definite  product  which 
has  been  upon  the  market  for  hundreds  of  years.  During  the  year 
1907,  about  130,000  tons  of  white  lead,  were  manufactured  in  the 
United  States.  This  amount,  produced  in  a  single  year,  exceeds  the  total 
amount  of  all  straight  pigments  made  from  lead  or  lead  ores  which 
annually  have  ever  been  produced  in  the  United  States.  The  ordi- 
nary formula  for  white  lead  is  given  as  2PbCOa.Pb(OH)2,  corre- 
sponding  to   the   compositions  shown  here. 


per  cent 

Lead  Carbonate 68.91 

Lead  hydrate 31.09 


100.00 


II 

per  cent 

Lead 80.12 

Equivalent  to  ]mt  cent 

I.ead  oxide  (PbO) 86.31 

Carbonic  acid  (C()2) 11. 3S 

Water  (H2O) 2.31 


100.00 


The  evidence  that  there  is  a  definite  compound  of  this  composition 
is  found  in  the  following  facts: 

First,  If  carbonic  acid  gas  is  passed  into  a  solution  of  basic  acetate 
of  lead,  a  precipitate  is  obtained  which,  at  first,  may  contain  a  large 
percentage  of  basic  acetate  of  lead  in  more  or  less  insoluble  fonn.  As 
the  solution  becomes  more  nearly  neutral,  however,  the  composition  of 
the  precipitate  approaches  that  given  above.  The  basic  acetate  of  lead 
which  has  been  precipitated  with  the  white  lead  is  dissolved  in  the  more 
nearly  neutral  acetate  solution.  The  indications  are  that  the  chemical 
process  in  the  corrosion  of  white  lead  by  the  Dutch  process,  involves, 
at  the  start,  the  oxidation  of  the  lead  and  the  formation  of  basic  acetate 
of  lead;  that  this  basic  acetate  of  lead  is  decomposed  by  the  carbonic 
acid  present,  the  basic  lead  being  precipitated  as  white  lead;  and  that  the 
neutral  acetate  of  lead  again  acting  upon  more  metallic  lead  is  changed 
into  the  basic  form  ready  to  be  acted  upon  again  by  carbonic  acid.  The 
precipitation  of  white  lead,  therefore,  from  solutions  of  basic  acetate  of 
lead  corresponds  to  the  formation  of  white  lead  in  the  stacks  after  the 
metallic  lead  had  become  oxidized. 
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Second,  Any  one  who  is  familiar  with  the  Dutch  process  of  corrosion 
can,  on  visiting  the  corroding  stacks,  isolate  definitely,  to  his  own  satis- 
faction, white  lead  of  theoretical  composition.  His  examination  of  white 
lead  in  the  stacks  is  similar  to  the  examination  of  the  mineralogist  who 
selects  pure  crystals,  which  he  analyzes  and  finds  to  have  definite  com- 
position. Other  formulae  for  white  lead  have  been  suggested,  but 
apparently  only  by  those  who  have  analyzed  commercial  samples  and 
who  have  not  l>een  familiar  with  the  process  itself.  It  is  true  that 
commercial  white  leads  may  contain  a  higher  percentage  of  carbonate 
of  lead  than  that  shown  by  the  theoretical  formula;  this  is  due  to  the 
Tact  that  the  corroding  operation  is  not  under  complete  control.  At 
times,  carbon  dioxide  will  be  in  excess,  and  it  will  then,  in  the  conditions 
in  which  the  white  lead  exists,  act  upon  the  white  lead,  converting  it 
to  neutral  carbonate. 

There  is  no  evidence  that  a  limited  excess  of  carbonate  of  lead 
in  white  lead  is  objectionable.  Some  advocate  a  percentage  higher 
than  the  theoretical.  It  would  appear  proper,  however,  that  some 
reasonable  limit  should  be  placed  upon  this  excess.  What  this 
limit  should  be  can  be  determined  only  by  thorough  physical  and 
practical  tests. 

It  is  apparent  then,  that  white  lead  cannot  be  considered  as  a 
mechanical  mixture  of  carbonate  and  hydrate  of  lead.  It  is  possible  that 
hydrate  of  lead  can  be  mixed  with  carbonate  of  lead,  and  be  made  to 
combine,  but  there  is  no  evidence  that  the  properties  of  white  lead  are 
the  properties  of  carbonate  of  lead  and  hydrate  of  lead  separately 
considered. 

The  question  has  arisen  as  to  the  proper  chemical  name  for  white 
lead.  It  may  be  questioned  as  to  whether  it  is  desirable  in  all  or 
many  cases  to  use  chemical  names  for  commercial  products.  Commer- 
cial products  are  seldom  approximately  composed  of  a  single  pure 
chemical  constituent,  and  by  using  a  chemical  name  for  a  commercial 
product  we  prc.sup]>ose  approximate  purity.  Chemists,  of  course,  in 
making  their  analysis,  obtain  chemically  pure  precipitates,  but,  in 
the  case  of  mechanical  mixtures,  the  results  obtained  by  analj^sis 
are  of  value  in  proportion  as  they  are  expressed  in  percentages  of 
the  original  proximate  constituents  and,  in  so  far  as  possible,  in  com- 
mercial terms. 

Now  especiallj'  is  this  true  in  the  case  of  white  lead,  for  in  the 
writer\s  opinion,  there  is  no  thoroughly  satisfactory  chemical  name  current 
for  even  pure  white  lead.  The  most  common  name  is  ** basic  lead  carbonate" 
but  this  is  not  satisfactory  in  that  it  is  not  sufficiently  descriptive.  It 
is  possible  to  have  anhydrous  basic  compounds.  The  name  *^  hydrated 
basic  lead  carbonate  "  is  equally  unsatisfactory,  for  the  reason  that  the 
word  "  hydrated  "  may  refer  to  water  of  crystallization,  as  in  the  case 
of  so-called   "  fully  hydrated   calcium   sulphate."    Probably,   the  l)est 
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name  for  chemically  pure  white  lead  is  "  lead  mono-hydrate  diear- 
bonate,"  which  is  exceedingly  cumbersome  and  not  likely  to  be  substi- 
tuted for  the  simple  name  white  lead,  which  will  probably  continue  to 
be  used  sus  answering  all  practical  purposes. 

The  Value  of  White  Lead  as  a  Pigment.  That  white  lead  is  the 
only  white  pigment  which  has  been  generally  and  successfully  used, 
at  least  in  this  country,  as  a  pigment  by  itself  is  a  fact  which  requires 
no  demonstration.  Some  of  the  reasons  that  have  been  assigned  for 
this  superiority  of  white  lead  are  untenable.  The  commonest  explana- 
tion advanced  for  the  superiority  of  white  lead  is  that  it  enters  into 
combination  with  linseed-oil,  forming  a  lead  soap.  It  has  been  said 
that  the  hydrate  of  lead  combining  with  the  Unseed  oil  in  this  way  gives 
to  white  lead  paint  its  working  qualities  and,  as  a  supplement  of  this 
theory,  it  has  l>een  asserted  that  it  is  the  carbonate  of  lead  that  gives 
to  white  lead  its  body.  So  many  eminent  authorities  have  accepted 
and  advocated  this  theory  that  we  feel  some  hesitancy  in  questioning  it. 
It  would  appear,  however,  that  there  is  little  ground  for  the  belief  that 
white  lead  combines  with  linseed  oil,  except  to  an  almost  inappreciable 
extent.  Hanney  pointed  this  out  many  years  ago  when  he  found  that 
by  the  extraction  of  white  lead  paste  he  was  able  to  obtain  practically 
all  of  the  linseed  oil  it  contained  in  its  original  form.  Hanney 's  work 
has  been  duplicated  by  the  writer  on  many  occlusions,  confirming  his 
results  and  conclusions. 

It  is  true  that  white  lead  can  be  made  to  react  on  linseed  oil  at 
about  the  temperature  of  boiling  water,  but  even  then  the  reaction  is 
only  slight,  unless  the  heating  is  prolonged  for  some  time.  White  lead 
contains  about  31  per  cent  of  lead  hydrate.  Figuring  from  the  saponifica- 
tion value  of  linseed  oil,  which  we  place  at  190.  100  lbs.  of  white  lead 
would  require  76  lbs.  of  linseed  oil  to  combine  with  this  lead  hydrate. 
It  is  seen,  therefore,  that,  in  a  white  lead  paste  containing  10  per  cent 
of  linseed  oil,  there  is  a  large  excess  of  base  which  would  insure  the 
complete  saponification  of  the  oil  if  such  a  reaction  should  take 
place. 

On  extracting  white  lead  paste  with  ether,  it  is  found  that  the 
linseed  oil  obtained  contains  a  very  small  percentage  of  lead.  The 
lead  soaps  obtained  by  precipitating  the  fatty  acids  of  linseed  oil 
with  a  lead  compound  dissolve  readily  in  ether,  with  the  exception 
of  the  lead  soaps  of  the  saturated  fatty  acids,  so  that  practically  all 
lead  compounds  would  be  dissolved  by  the  ether.  White  lead  adds  to 
the  drying  qualities  of  linseed  oil  with  which  it  is  ground  to  the  extent 
of  this  very  small  amount  of  lead,  which  combines  ^vith  the  linseed  oil 
and  dissolves  in  it. 

As  linseed  oil  paste  does  not  show  a  combination  of  the  white 
lead  with  the  linseed  oil,  so  it  is  also  found  that  where  an  excess  of 
oil   is   used  there  is   no   appreciably  greater    amount  of    combination 
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between  the  hydrate  of  lead  present  and  the  linseed  oil.  WTiether 
there  is  any  combination  between  oxidized  linseed  oil  and  white  lead 
after  a  paint  has  been  applied  is  not  definitely  known.  We  have, 
however,  no  evidence  that  such  a  combination  takes  place,  and  it 
seems  improbable  that  it  does. 

The  conclusion,  then,  is  that  white  lead  is  a  relatively  inert  pigment, 
entering  into  combination  to  only  a  slight  degree,  if  at  all,  with  linseed 
oil  or  any  of  its  constituents,  w^hen  mixed  with  it  as  a  paint. 


THE  MANlFACTrHE  OF  UHITE  LE.VD  BY  THE  MODERN'  CAR- 
TER PROCESS 

iiy  Courloy  of  Carter  Whiu  Lead  Co.,  Chicago,  III. 

Chemically,  white  lead  manufactured  by  the  Carter  process  is  the 
same  !is  when  niniiufac  lured  by  the  Old  Dutcli  process.  In  each  case 
pure  iiielallic  lead  is  converted  into  basic  lead  acetates  which  are  acted 
upon  by  carbim  dioxide  to  form  haHJc  carbonate  of  lead,  or  white  lead. 

The  Carter  pi-ocess  starts  with  pig  lead,  a  grade  commercially  knottii 
as  '■  corriHling,"  which  is  as  free  as  possible  from  bismuth,  antimon}-  and 
other  inipuritieri. 

The  first  -step  is  to  atomize  the  metallic  lead,  the  method  being  sub- 
stantially the  same  as  atomizing  a  liquid  in  the  ordinary  nasal  atomizer. 
The  pig  lead  is  melted  in  a  kettle  t"  which  is  affixed  a  nozzle  through 
which  the  molten  lead  Hows  by  gravit>\     At  the  outlet  it  is  struck  by  a 

jet  of  siipcrhoiitetl  sleani  ivhich  atomizes  

or  blows  the  lead  into  very  fine  particles 
which  are  very  slightly  oxiilizotl. 

In  some  te\t-l)ooks  on  paints  and 
paint  pigments, '  the  Carter  process  is 
referred  to  as  "  the  quick  process." 
This  is  a  little  misleading,  for  while 
the  thiie  of  corrosion  is  cut  ilomi  from 
about    12(1  days  i)y  the   Dutch  process  Fig.  194. 

to  almut  fifteen  days,  the  mass  of  metallic 

lead  expi)sc(l  to  the  corroding  agencies  is  reduced  in  much  greater  pro- 
|H>rtton. 

Tlio  pow<lerci.l  Ien<l,  in  charges  of  about  4000  pounds,  is  then  placed 
in  woikIch  cylinders  about  6  feet  in  diameter  and  10  feet  long,  which 
re\'(th'e  ver\-  slowly  on  their  own  h<)rizontal  axes. 

Tbe  metallic  lead  in  the  cylinders  is  treated  with  ililute  acetic  aciil 
(vinegar)  and  carbon  dioxide  (carbonic  acid  gas).  A  vciy  weak  solution 
of  the  acetic  acid  is  spniycd  into  the  cylinders  at  intervals.  The  carbon 
dio\j<|e  is  admitted  through  the  center  of  the  head  and  is  produced  by 
the  perfect  combnstion,  in  the  presence  of  an  excess  of  oxygen,  of  care- 
fully selected  coke.  The  coke  is  burned  under  boilers  so  as  to  utilize 
its  calorie  value.     The  lead  in  the  cylinders  is  kept  moist  mth  water  during 
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coiTOsion  and  a  certain  per  cent  of  oxygen  (air)  passes  into  the  cylinders 
with  the  carbon  dioxide. 

The  action  of  the  acetic  acid  upon  an  excess  of  metallic  lead  and 
lead  oxide  produces  various  basic  lead  acetates.  The  carbon  dioxide 
acting  on  the  basic  acetates  foi*ms  basic  lead  carbonate  or  white  lead. 
The  acetic  acid,  freed  by  the  action  of  the  carbon  dioxide  on  the  basic 
acetates,  acts  again  on  the  excess  of  metallic  lead  and  lead  oxide  and  is 
again  liberated,  and  so  on  in  cycles  until  corrosion  is  complete. 

As  the  cylinders,  Fig.  194,  slowly  revolve,  the  pulverized  lead  is  carried 
upward  on  the  interior  of  the  cylinder  and  rolls  down  to  the  bottom, 
exposing  new  particles  to  the  corroding  agencies.  The  heavy  mass  also 
performs  most  efficiently  the  functions  of  a  tube  mill  in  grinding  the 
carbonate  off  the  metallic  particles  as  fast  as  it  is  formed  and  reducing  it 
to  an  exceedingly  fine  powder. 

By  the  Carter  process  corrosion  is  complete  in  about  fifteen  days.  No 
artificial  heat  is  required,  sufficient  heat  being  generated  by  the  chemical 
combination  to  keep  the  contents  of  the  cylinder  at  about  145*^  F.  during 
corrosion. 

At  the  proper  stage,  the  cylinders  are  emptied  and  the  white  lead  is 
then  washed  and  agitated  in  water,  removing  any  traces  of  aectic  acid 
or  acetate  of  lead.  It  is  then  floated  in  water  to  remove  the  small  particles 
of  coarse  lead,  if  any,  and  is  then  pumped  into  storage  tubs,  where  the 
lead  settles  in  the  form  of  a  heav>'  pulp.  After  evaporating  the  water 
from  the  pulp,  you  have  commercial  drj^  white  lead. 

For  general  use,  white  lead  is  put  up  in  stiff  paste  form  to  facilitate 
mixing  into  paint.  This  paste  consists  of  92  per  cent  of  hydrated  carbon- 
ate of  lead  and  8  per  cent  of  pure  raw  linseed  oil.  This  paste  is  produced 
in  two  ways;  one  by  chasing,  mixing  and  grinding  in  a  double  set  of 
heavy  burr-stone  mills,  dry  white  lead  and  pure  linseed  oil;  the  other 
by  mixing  the  lead  pulp  (lead  and  water)  with  linseed  oil  in  what  is 
known  as  pulp  machines,  the  white  lead  taking  up  the  oil  to  the  exclusion 
of  the  water  and  becoming  '*  lead  in  oil  "  which  is  then  chased  and  mixed 
and  run  through  the  heavy  burr-stone  mills.  The  pulp  process  simply 
does  away  with  drying  the  lead  pulp,  and  the  only  purpose  of  the  heavy 
grinding  is  to  secure  complete  incorporation  of  the  lead  and  the  oil. 
Properly  groimd  lead  in  oil,  ground  either  dry  or  from  pulp,  does  not  con- 
tain more  than  0.5  per  cent  of  free  moisture. 

The  last  step  in  the  Carter  process  is  to  convey  the  paste  white  lead 
from  the  mills  to  storage  tanks,  each  of  75  tons  capacity,  where  it  is 
allowed  to  stand  for  several  days  before  it  is  drawn  off  and  filled  into 
kegs.  The  pressure  of  the  lead  in  these  tanks  completes  a  perfect  satura- 
tion of  the  lead  with  the  oil  and  forms  a  ver}^  smooth,  unctuous  paste. 


XVII 
SUBLIMED   WHITE   LEAD 

S.  M.  EVANS 

Vice-President  Picker  Lead  Company ^  New  York  City 

One  of  the  recent  developments  in  white  lead  pigments  is  a  coni- 
poimd  produced  directly  from  lead  sulphide  ore  by  sublimation. 

This  product  has  lately  come  into  very  wide  use  under  the  trade 
name,  "  Sublimed  White  Lead."  Chemically,  sublimed  white  lead  is 
entirely  different  from  the  the  other  white  leads.  Its  characteristic  ingre- 
dient is  basic  lead  sulphate,  which  corresponds  to  the  structural  arrange- 
ment, 2PbS04-PbO.  This  formula  is  analogous  to  the  generally  accepted 
arrangement  of  the  basic  carbonate  molecule,  2PbC03:Pb(OH)2. 
Physically,  it  is  amorphous  in  structure  and,  like  other  fumiform  pig- 
ments, exhibits  extraordinar}'  fineness  and  uniformity  of  grain,  the  indi- 
vidual  particles   measuring  about  V35000  of  an  inch  in  diameter. 

The  manufacture  of  sublimed  white  lead  was  begun  in  the  lead- 
mining  district  of  southwestern  Missouri  in  1870,  and  these  factories, 
which  were  instituted  by  the  inventor,  E.  O.  Bartlett,  have  so  far 
been  the  only  ones  which  have  been  able  to  produce  the  pigment  in 
a  form  acceptable  to  the  paint  trade.  In  Great  Britain,  where  efforts 
to  replace  lead  carbonates  by  non-toxic  materials  have  been  the  subject 
of  Parliamentar>^  encouragement,  there  has  been  marked  activit}'  in 
experimentation.  Although  a  number  of  factories  have  been  installed 
and  large  sums  of  money  expended,  the  English  sublimed  whit€  leads 
have  not  approached  the  perfection  of  the  American  product. 

Preparation.  The  method  of  production  employed  in  this  countn' 
bears  a  general  resemblance  to  that  used  for  the  production  of  zinc 
oxide  direct  from  ores,  but  the  lead  process  requires  a  much  finer  adjust- 
ment of  furnace  conditions.  The  furnaces  employed  are  low,  water- 
jacketed  *'  stacks  '*  provided  with  large  air  doors  opening  immediately 
above  the  charge  level  and  fitted  with  tuyeres  arranged  to  maintain 
oxidizing  conditions  upon  the  surface  of  the  charge  of  coke.  The  open 
fire  is  kept  in  a  state  of  incandescence  and  the  charge  of  powdered 
sulphide  ore  is  sprinkled  upon  it  through  feed  doors.  The  combustion 
is  energetic;  indeed  so  much  heat  is  generated  that  the  large  brick 
chambers    into    which   the  sublimate  rises  are  continually  white  hot. 

a4o 


SUBLIMED  WHITE  LEAD  341 

There  is  no  preliminary  reduction  to  metal  and,  in  most  cases,  no  fusion 
of  the  ore,  the  reaction  being  almost  of  explosive  violence.  The  equation 
may  be  represented  as  follows: 

3PbS  4-110  =  PbsSgOg  4-  SO2. 

From  the  furnace  chambers  the  products  of  combustion  are  drawn 
by  suction  through  a  horizontal  brick  flue  and  thence  through  an  elab- 
orate settling  and  cooling  system  consisting  of  brick  towers  and,  finally, 
of  sheet-iron  pipes.  The  large  fans  which  supply  the  draft  necessary 
to  draw  the  "  fume  "  from  the  furnaces  are  located  between  the  cooling 
pipes  and  the  screen  system.  The  latter  is  of  the  ordinaiy  ''  bag  room  '' 
type  commonly  employed  for  the  collection  of  sublimates,  and  consists 
of  a  series  of  connected  hoppers  having  no  outlet  except  through  collars 
in  their  tops.  Inverted  bags  of  filter  cloth  are  attached  to  these  collars 
and  are  suspended  from  the  roof  of  the  "  bag  room."  The  action  of 
the  fans  forces  the  mixed  fume  and  gaseous  furnace  products  into  these 
bags,  which  filter  out  the  sublimate  and  retain  it  on  their  inner  surfaces, 
while  the  gases  and  water  vapor  pass  through  and  escape. 

All  reactions  are  completed  within  the  furnace  chambers  and  the 
horizontal  flue,  but  the  pigment  is  at  this  stage  contaminated  with 
discoloring  furnace  dusts.  These  are,  however,  much  coarser  than 
the  impalpably  fine  "  fume  ",  so  that  in  floating  slowly  through  approx- 
imately one  thousand  feet  of  settling  chambers  and  pipes  the  impurities 
gradually  subside,  leaving  the  sublimate  lighter  in  color,  until  at  the  fans 
it  has  the  appearance  of  a  brilliantly  white  smoke.  When  collected,  by 
shaking  the  bags,  the  sublimate  is  ready  for  the  market  and  is  packed 
directly  into  casks. 

By-Product.  A  certain  amount  of  pig  lead,  due  to  reduction  of 
a  part  of  the  ore  charge,  is  produced  as  a  by-product  of  the  manufacture 
of  sublimed  white  lead.  This  is  recovered  by  employing  the  familiar 
device  of  a  "fore  hearth,"  wherein  the  metal  is  separated  by  gravity 
from  the  fusible  slags  of  the  furnace.  In  order  to  maintain  uniform 
furnace  conditions  and  avoid  interruptions  of  the  process  of  sublimation, 
the  slag  and  metal  are  allowed  to  flow  from  the  furnace  continuously 
instead  of  being  draT\Ti  off  at  intervals  by  "  tapping." 

Commercial  sublimed  white  lead  differs  in  composition  from  the 
theoretical  formula  of  the  basic  sulphate,  in  that  it  contains  a  higher 
proportion  of  lead  sulphate.  This  is  probably  due  to  a  slow  combustion 
of  a  small  part  of  the  gaseous  sulphur  dioxide  within  the  flue  and  a 
combination  of  the  resultant  sulphuric  anhydride  with  the  lead  oxide 
of  the  basic  sulphate.  It  is  stated  by  manufacturers  that  it  is  perfectly 
feasible  to  produce  the  theoretical  compound,  but  that  so  far  it  has  not 
proven  commercially  advantageous.  American  sublimed  white  lead 
contains  a  small  amount  of  zinc  oxide  derived  from  sphalerite,  which  is 
commonly  associated  with  native  lead  sulphide. 
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Constitution.  The  constitution  of  subHined  white  lead  is  practically 
constant  and  varies  only  within  narrow  limits.  Its  average  analysis 
is  approximately  as  follows: 

Lead  sulphate PbS04  75% 

Lead  oxide PbO  20 

Zinc  oxide ZnO  6 

The  lead  oxide  is  not  free  lead  monoxide  (litharge),  but  is  present  in 
combination  as  basic  sulphate.  Chemically  this  pigment  is  a  distinctly 
stable  compound,  a  feature  which  renders  it  unique  among  white  lead  pig- 
ments in  that  it  does  not  react  vrith  linseed  oil  and  resists  the  discoloring 
action  of  sulphur  gases.  Its  inertness  toward  the  acids  and  glycerides  of 
linseed  oil  insures  freedom  from  disintegration  and  consequent  "  checking  " 
and  crumbling  of  the  paint.  Like  other  stable  pigments  of  extreme  fineness 
the  sublimed  white  lead  coat  wears  from  the  surface.  It  also  exhibits 
chemical  inertness  toward  other  pigments  mixed  with  it.  This  quality 
renders  it  ver>'  useful  in  the  manufacture  of  colored  paints  containing 
chemically  reactive  tinting  materials.  Its  fineness  makes  it  especiaUy 
desirable  for  the  production  of  ready-mixed  paints,  because  it  remains 
in  suspension  in  the  vehicle  under  conditions  where  the  mechanically 
ground  pigments  tend  to  settle  out  of  the  liquid  portion  and  to  form 
a  compact  layer  in  the  bottom  of  the  container. 

Sublimed  white  lead,  when  used  alone,  makes  a  ver\'  soft  coat  which 
does  not  resist  abrasive  action  satisfactorily  and  is  somewhat  permeable 
to  moisture.  For  this  reason  paint  makers  customarily  incorporate 
with  it  a  proportion  of  zinc  oxide  to  obtain  a  greater  degree  of  hardness. 
This  practice  has  become  almost  imiversal  as  a  means  of  improving 
the  wear  of  lead  paints  in  general,  and,  unless  carried  to  excess  it  is  a 
distinct  improvement.  The  amounts  of  zinc  oxide  used  for  this  purpose 
vary  in  different  factories,  but  the  formulas  most  generally  used  contain 
between  20  and  30  per  cent. 


XVIII 
PK^.MENTS,   OILS,  AND    PAINT 

MAXIMILIAN   TOCH, 
Painlj  Varnishf  and  Dry  Color  ManufaciureTf  New  Y'ork  City. 

Historical.  Painting  as  a  decorative  art  goes  back  to  very  ancient 
times.  We  find  that  the  aborigines  decorated  their  persons  with  earth 
colors,  and  that  the  Egyptians  used  pigments  for  the  decoration  of  their 
temples.  In  the  ruins  of  the  Temple  of  Kamak  in  Egypt  there  are  still 
decorative  paintings  on  the  walls  and  on  the  pillars  which  are  more  than 
3000  years  old. 

Application.  Protective  paint,  by  which  is  meant  paint  used  for 
the  purpose  of  protecting  the  surface  to  which  it  is  applied,  is  relatively 
new.  In  Europe  building  construction  was  of  such  a  character,  and  is 
largely  so  to-day,  that  paint  is  not  used  to  any  great  extent  on  the  exterior 
of  dwellings.  Only  in  a  pioneer  country  like  America  where  domiciles 
were  made  of  wood,  was  it  found  necessary  to  apply  an  exterior  coating 
to  preserve  the  wood. 

For  decorative  and  preservative  effect,  we  find  more  evidence  of  the 
early  use  of  paint  in  England,  than  we  do  in  any  other  country.  There 
are  items  of  expense  in  the  reign  of  Edward  I  showing  the  use  of  paint 
as  early  as  the  year  1274. 

Up  to  the  latter  part  of  the  fourteenth  century,  however,  oil  paint- 
ing for  artistic  purposes  was  not  an  exact  art.  To  Hubert  and  Jan  Van 
Eyck,  two  Dutchmen,  belongs  the  credit  of  first  having  made  public  their 
manner  of  oil  painting  by  means  of  pigment  ground  as  near  as  we  know  in 
linseed  oil. 

It  is  a  fact  worthy  of  mention,  that  there  is  one  painting  in  the  National 
Art  Gallery  in  the  city  of  London  by  the  brothers  Van  Eyck,  which  is 
in  as  perfect  a  state  of  preservation  as  if  it  had  been  painted  yesterday. 

Occasionally  we  hear  a  complaint  that  the  pigments  made  nowadays 
are  not  as  good  as  those  that  were  made  in  former  years,  and  the  poverty 
of  our  pigments  is  the  cause  of  the  early  decay  of  many  of  our  paintings. 

An  error  of  this  kind  deserves  correction,  for  the  art  of  manufacture 
of  colors  has  never  reached  a  higher  plane  than  it  has  at  present,  but 
to  the  ignorance  of  the  painters  and  to  the  greed  of  paint  makers  must 
we  attribute  the  fugitiveness  of  our  paintings.     As  nearly  as  can  be  deter- 
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mined  there  existed  between  the  twelfth  and  the  seventeenth  century, 
at  most  nine  or  ten  pigments.  To-day  we  have  215  or  more,  200  of  which 
ought  never  to  be  used  for  permanent  artistic  painting. 

When  we  see  a  painter  with  a  pot  of  paint  and  brush  painting  either 
a  steel  or  wooden  structure,  we  imagine  without  further  thought  that 
that  is  the  use  to  which  most  paints  are  put.  As  a  matter  of  fact,  paints 
and  colors  are  used  in  enormous  quantities  in  the  arts  and  sciences  for 
purposes  other  than  decorative  or  protective  printing.  The  following 
is  a  list  of  the  purchases  of  the  Bureau  of  Engraving  and  Printing,  Wash- 
ington, D.  C,  for  the  year  1910,  showing  the  actual  contract  for  1,599,900 
lbs.  of  pigments: 

White 802,200  lbs. 

Black 297,500 

Blue 52,000 

Green 180,000 

Red 68,200 

Yellow 200,000 


1,599,900 


These  pigments  are  identical  in  every  respect  with  those  used  for 
general  painting,  and  yet  all  these  pigments  are  used  for  the  purpose  of 
printing  the  currency  and  the  postage  stamps  of  this  Government. 

The  printing  ink  industry  in  the  United  States  consumes  enormous 
amounts  of  paint.  In  some  instances  the  paint  Is  ground  in  a  varnish 
made  of  linseed  oil,  but  for  book  and  newspaper  ink  linseed  oil  is  not 
used,  but  resinous  mediums  which  act  as  a  binding  material  for  the 
pigment. 

The  floor  oil  cloth  and  table  oil  cloth  industries  are  also  enormous 
users  of  paint  in  the  strict  sense  of  the  word;  and  while  it  is  true  that  the 
mixtures  which  they  make  differ  from  the  house  painters'  mixtures,  the 
principle  involved  is  identically  the  same  as  that  of  ordinary  paint. 

The  shoe  and  leather  industries  are  users  of  paint  materials  in  large 
quantities,  for  making  patent  and  harness  leather,  and  so  is  the  wall 
paper  industry,  the  window  shade  industry,  the  rubber  industry',  and  the 
cement  industry,  all  using  for  their  color  effects  the  same  pigments  that 
are  used  for  ordinary  painting. 

In  the  strict  sense  of  the  word,  paint  which  is  used  on  concrete,  steel 
or  wood,  is  an  engineering  material,  and  serves  a  purpose  which  is  far 
more  valuable  than  we  imagine. 

The  pigments  used  in  ordinary  general  manufacture  of  paints  are  as 
follows: 

White  Lead.  White  lead  is  one  of  the  oldest  pigments  known 
and  was  described  by  Pliny  400  B.C.  White  lead  was  made  from  the 
mineral  cerusite  which  is  a  native  carbonate  of  lead,  but  about  400  vears 
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ago  the  Dutch  found  that  when  pig  lead  was  submitted  to  the  action  of 
carbonic  gas  from  rotted  tan  bark  and  manure  in  the  presence  of  vinegar, 
the  basic  acid  salt  which  was  first  formed  was  slowly  converted  into  a 
hydrated  carbonate.  The  same  method  is  used  to  this  day,  but  newer 
methods  are  also  used,  such  as  the  precipitation  of  hydrated  carbonate 
of  lead  from  a  solution  of  lead  by  means  of  carbon  dioxide. 

Lead  Sulphate.  Lead  sulphate  has  very  little  value  as  a  paint  material 
owing  to  the  fact  tliat  the  sublimed  white  lead  described  in  a  previous 
chapter,  supersedes  it.  Sublimed  white  lead  is  a  furnace  product  made 
from  the  sublimation,  at  a  very  high  temperature,  of  Galena  or  native 
lead  sulphide  and  sphalerite. 

Zinc  Lead  White.  This  is  a  sublimed  mixture  of  lead  sulphate  and 
zinc  oxide  in  about  equal  parts. 

Zinc  Oxide.  Zinc  oxide  as  a  paint  pigment  is  only  fifty  years  old, 
and  when  it  is  taken  into  consideration  that  in  that  short  space  of  time 
its  use  has  grown  until  in  1905  nearly  seventy  thousand  tons  were  used 
in  the  paint  industry  in  the  United  States,  it  speaks  for  itself  that  the  mate- 
rial must  possess  exceptional  merit  to  have  advanced  so  rapidly.  At  the 
same  time,  although  it  is  impossible  to  obtain  any  exact  figures  on  the  sub- 
ject, it  is  probable  that  more  than  one-half  of  this  seventy  thousand  tons 
were  used  in  connection  with  other  materials. 

The  discovery  of  zinc  oxide  by  Le  Clair  in  France  and  Samuel  T.  Jones 
in  America  are  sufficiently  well  known,  and  have  been  quite  thoroughly 
written  up  in  other  |xx)ks.  The  former  made  zinc  oxide  by  subliming 
the  metal;  the  latter  made  it  by  subliming  zincite  and  franklinite  ores. 
The  specific  gravity  of  zinc  oxide  will  average  5.2,  and  50  lbs.  will  take 
50  lbs.  of  linseed  oil;  in  other  words  to  produce  the  proper  mixed  paint 
zinc  oxide  will  require  a  far  greater  proportion  of  linseed  oil  than  white 
lead  requires.  It  is  generally  stated  in  text-books  that  zinc  oxide  is  not 
affected  by  sulphur  gases  and  therefore  will  not  turn  color.  This  statement 
is  not  exactly  correct,  the  author  having  always  contended  that  zinc 
oxide  is  not  visibly  affected  by  sulphur  gases,  but  there  is  no  doubt,  as 
any  chemist  will  admit,  that  zinc  oxide  is  affected  by  sulphur  gases,  although 
not  to  the  same  extent  as  white  lead.  As  zinc  sulphide,  zinc  sulphite  and 
zinc  sulphate  are  white  products,  the  absorption  is  not  evident  to  the  eye, 
and  hence  the  erroneous  statement  has  crept  into  use  that  zinc  oxide  is 
not  affected  by  sulphur  gases. 

When  mixed  with  linseed  oil  and  the  proper  amount  of  drier  it  sets 
and  dries  much  more  slowly  than  white  lead.  Nevertheless  this  drying 
continues  in  the  form  of  progressive  oxidation  until  the  surface  becomes 
very  hard.  A  comparison  between  zinc  oxide  and  white  lead  paints 
will  show  that  the  progressive  oxidation  which  takes  place  when  white 
lead  dries,  produces  a  chalky  mixture,  while  the  reverse  is  true  of  zinc 
oxide,  which  will  produce  a  hard  and  brittle,  vitreous  surface  which  is 
somewhat  affected  by  temperature  changes.    Owing,  therefore,  to  the 
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diverse  effects  of  the  two  pigments^  a  combination  of  lead  and  zinc  is  often 
well  recommended.  The  hard  drying  zinc  has  not,  however,  been  very 
well  understood.  Fifteen  years  ago  the  author  undertook  a  series  of 
experiments  and  found  that  the  drier  was  ver>'  largely  responsible  for  the 
hardening  action  of  zinc.  If  the  linseed  oil  be  prepared  with  litharge, 
(PbO),  the  resulting  zinc  paint  will  last  far  longer  and  be  much  more 
flexible  and  consequently  not  readily  cracked  when  exposed  to  a  variation 
of  temperature  of  even  130°F,  such  as  we  have  in  this  climate.  If,  however, 
a  drier  is  used  in  which  manganese,  (Mn02),  and  red  lead,  (Pb304),  have 
been  cooked  with  the  oil,  the  action  of  the  manganese  continues  until  a 
vitreous  surface  is  the  result.  It  is  owing  to  the  result  of  :hesc  investi- 
gations that  the  use  of  American  zinc  oxide  made  from  franklinite  ore 
has  become  so  general  for  the  manufacture  of  white  table  oilcloths.^ 

When  enamel  paints  are  made  of  an  oil  varnish  and  zinc  oxide,  and  the 
drier  in  the  varnish  is  composed  of  manganese  and  lead,  the  enamels 
eventually  become  hard,  evidently  through  the  catal^-tic  action  of  the 
manganese.  It  is  desirable  to  omit  the  manganese  in  high-grade  enamels, 
or,  where  manganese  must  be  used,  in  order  to  obtain  a  rapid  setting, 
the  borate  of  manganese  should  be  employed,  but  only  in  very  small 
quantities. 

The  American  zincs  are:  First.  The  Florence  Red  and  Green  Seed  zincs, 
which  are  made  by  the  sublimation  of  the  metal,  are  practically  pure 
and  equal  in  all  respects  to  those  made  in  France  and  Belgium.  Second. 
The  New  Jersey  zinc  oxides,  which  are  made  from  franklinite  ore,  are 
free  from  lead  and  frequently  run  over  99  per  cent  ZnO.  Third.  Mineral 
Point  zmc,  which  is  made  at  Mineral  Point,  Wis.,  and  contains  from 
2  to  4  per  cent  of  lead  sulphate.  Fourth.  The  leaded  zincs  made  in 
Missouri  which  contain  from  4  to  10  per  cent  of  sulphate  of  lead. 

Zinc  oxide  chalks  to  some  extent  in  the  same  manner  as  white  lead, 
but  only  if  the  atmosphere  is  charged  with  carbon  dioxide  or  salt.  The 
same  experiment  which  was  carried  out  with  white  lead  in  order  to  show 
its  solubility  in  a  solution  of  carbon  dioxide  was  carried  out  with  zinc 
oxide  and  the  same  result  obtained.  Much  weight  cannot  be  given  to 
these  experiments,  because  these  chemicals  are  not  always  present  in  the 
atmosphere.  They  are  merely  chemical  result.^  which  demonstrate  both 
the  cause  and  the  effect,  but  it  is  of  some  interest  to  know  why  the  paint 
films  perish.  The  zinc  oxides  made  from  western  ores  are  slightly  more 
l>ermanent  than  those  made  from  the  New  Jersey  ores,  and  as  paint  mate- 
rials they  possess  the  advantage  of  containing  a  larger  quantit^*^  of  lead 
sulphate. 

Nearly  all  zinc^s  Contain  a  small  i^rcentage  of  zinc  sulphate.  Much 
uimecessary  trouble  ha^s  bt^^i  caused  by  the  critisism  against  zinc  sulphate. 
Where  a  pigment  contains  moisture  or  when?  water  is  added  in  very  small 
amount  to  a  heavy  paint  in  onler  to  prevent  it  from  settling,  and  not  more 
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than  1  per  cent  of  actual  water  is  contained  in  the  paint,  zinc  sulphate 
forms  an  excellent  drier,  particulariy  where  it  is  desirable  to  make  shades 
which  contain  lampblack.  The  outcry  against  zinc  sulphate  is  unwar- 
ranted because  as  much  as  5  per  cent  is  used  in  making  a  patent  drier. 
The  amount  of  zinc  sulphate,  however,  in  most  of  the  dr>"  zinc  pigments 
probably  decreases  with  age.  Zinc  oxide  or  other  zinc  paint  which  will 
assay  1  per  cent  of  zinc  sulphate  will,  when  kept  in  storage  for  six  months, 
show  decrease  in  the  zinc  sulphate  to  one-half  of  one  per  cent. 

In  enamel  paints  the  presence  of  zinc  sulphate  is  not  a  detriment, 
and  in  floor  paints  it  might  be  considered  as  a  slight  advantage,  for  it 
aids  in  the  drying  and  hardening.  However,  too  much  of  the  soluble 
salt  is  never  to  be  recommended. 

Lithophone.  When  solutions  of  zinc  sulphate  and  barium  sulphide 
are  mixed  together  in  molecular  proportions,  a  heavy  flocculent  precipitate 
is  formed  according  to  the  following  reaction: 

ZnS04 + BaS  =  ZnS + BaS04 . 

The  theoretical  percentage  will  be  29^  per  cent  zinc  sulphide  and 
70J  per  cent  barium  sulphate.  This  precipitate  as  such  has  no  body 
or  covering  power,  and  when  washed  and  dried  is  totally  unfit 
for  paint  purposes,  but  John  B.  Orr,  of  England,  in  1880  discovered 
that  when  it  is  heated  to  dull  redness,  suddenly  plunged  into  water,  ground 
in  its  pulp  state,  thoroughly  washed  and  dried,  its  characteristics  are 
totally  changed,  and  it  makes  a  very  effective  and  durable  pigment  for 
paint  purposes.  In  the  first  place,  it  is  a  brilliant  white;  in  the  second 
place,  it  is  extremely  fine  in  texture,  and  in  the  third  place,  it  has  the 
same  tinctorial  strength  but  more  hiding  power  than  pure  zinc  oxide. 
Inasmuch  as  it  is  a  complete  chemical  compound  it  is  stable  in  every 
medium  known  for  paint  purposes,  excepting  those  which  are  highly  acid. 
It  took  several  years  to  perfect  the  manufacture  of  lithopone,  but  it  may 
be  said  that  at  the  present  time  lithopone  is  made  with  great  uniformity 
and  has  valuable  properties. 

Lithopone  is  likewise  very  largely  used  in  the  cheaper  grades  of  enamel 
paints,  because  it  does  not  combine  with  rosin  or  semi-fossil  resin  varnishes 
and  therefore  remains  unaltered  in  the  package.  As  an  interior  white, 
a  first  coat  white,  a  ready-mixed  flat  paint  for  surface,  or  as  a  pigment 
in  the  lighter  shades  for  floor  paints,  lithopone  cannot  be  excelled  for  its 
body,  durability,  hardness,  fineness  of  grain,  and  ease  of  application. 
It  does  not  oxidize  progressively,  and  this  single  feature  has  made  it  invalu- 
able to  the  table  oilcloth  and  floor  oilcloth  industry  throughout  the  world. 
Its  indiscriminate  use,  however,  is  not  to  be  recommended,  and  the  paint 
chemist  should  be  permitted  to  decide  when  its  value  is  the  greatest.  As 
a  marine  paint,  either  as  a  first  coat  or  for  making  neutral  paints  where 
other  whites  would  be  necessary,  it  is  found  to  outlast  both  zinc  oxide  and 
lead  carbonate. 
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Sublimed  Blue  Lead.  In  the  sublimation  of  galena  a  peculiar 
sulphide  of  lead  is  produced,  which  has  been  known  commercially  as  blue 
lead,  on  account  of  its  blue-gray  appearance.  This  product  has  been  on 
the  market  for  several  years.  The  contention  is  that  sulphur  fumes  do 
not  aflfect  it  as  they  affect  red  lead.  As  a  priming  coat  it  has  been  well 
spoken  of. 

Quicksilver  Vermilion.  Quicksilver  vermilion  is  the  amorphous 
mercury  sulphide  which  is  normally  black,  but  when  made  with  sulphur 
in  the  presence  of  an  alkaline  solution,  it  becomes  bright  red. 

Red  Lead  and  Orange  Mineral.  Red  lead  and  orange  mineral  are 
the  red  oxides  of  lead  and  are  both  chemically  alike.  Red  lead,  is,  however, 
made  by  heating  litharge,  which  is  the  ground  oxide  of  lead,  and  orange 
mineral  is  made  by  heating  white  lead  until  all  the  water  and  carbonic 
acid  are  driven  off. 

Venetian  Red.  This  is  a  ferric  oxide  containing  gypsum  in  varying 
quantities,  obtained  by  heating  ferrous  sulphate  in  the  presence  of  calcium 
oxide. 

Indian  Red.  Indian  red  is  generally  a  very  pure  form  of  ferric  oxide 
made  by  heating  copperas  or  ferrous  sulphate  until  it  is  converted  into 
ferric  oxide. 

Permanent  Vermilion.  Permanent  vermilion  is  usually  orange  min- 
eral tinted  with  para-nitraniline. 

Burnt  Ochre  and  American  Sienna.  Burnt  ochre  and  American 
sienna  are  analogous,  being  made  of  hydrated  oxide  of  iron  and  clay  ore 
burnt  until  the  ferrous  salt  is  converted  into  ferric. 

Chrome  Yellow.  Chrome  yellow  is  chromate  of  lead  made  by  adding 
chromate  of  potassium  or  sodium  to  a  basic  lead  nitrate  solution.  The 
precipitate  thus  formed  is  washed,  pressed  and  dried. 

Ultramarine  Blue,  Cobalt  Blue.  Ultramarine  blue  and  cobalt  blue 
may  both  be  made  from  the  natural  minerals. 

Ultramarine  blue  whether  artificial  or  genuine  is  chemically  the 
same,  with  the  one  difference  that  the  genuine  ultramarine  blue  is  the 
powdered  mineral  known  as  lapis  lazuli,  and  ordinarily  is  the  blue  known 
under  that  name,  but  the  mineral  itself  is  found  at  times  in  an  impure 
state  either  admixed  with  slate  or  gang  rock,  or  contaminated  slightly 
with  other  minerals.  The  genuine  ultramarine  blue  may  run,  therefore, 
from  a  very  deep  blue  to  a  very  pale  ashen  blue,  in  fact,  the  lapis  lazuli 
which  lies  adjacent  to  the  gang  rock  is  ground  up  and  sold  under  the  name 
of  ultramarine  ashes,  which  is  nothing  more  nor  less  than  a  very  weak 
variety  of  genuine  ultramarine  blue. 

From  the  standpoint  of  exposure  to  light  or  drying  quality,  the  arti- 
ficial ultramarine  is  just  as  good  as  the  genuine,  and  the  only  advantage 
that  the  genuine  has  over  the  artificial  is  that  the  genuine  is  not  so  quickly 
affected  by  acids  as  the  artificial  is. 

It  may  be  of  interest  to  know  that  in  1814  Tessaert  observed  the 


PIGMENT,  OILS,  AND  PAINTS  340 

accidental  production  in  a  soda  oven  at  St.  Gobain  (France)  of  a  blue 
substance  which  Vanquelin  declared  to  be  identical  with  lapis  lazuli. 

In  the  following  year  the  same  observation  was  made  by  Huhlmann 
(at  St.  Gobain,  in  a  sulphate  oven)  and  by  Hermann  in  the  soda  works 
at  Schoenebeck  (Prussia). 

In  1824  La  Society  d^Encouragement  pour  Industrie  offered  a  prize 
of  6000  francs  for  the  production  of  artificial  ultramarine  which,  in  1828, 
was  awarded  to  J.  B.  Guinet,  a  pharmacist  of  Toulouse,  later  of  Lyons, 
who  asserted  that  he  first  produced  ultramarine  in  1826.  Vanquelin 
was  one  of  the  three  **  trustees  "  holding  the  secret  contrary  to  the  rule 
of  the  Soci^t^. 

In  December,  1828,  Gmelin  of  Goettingen  explained  his  process  of 
making  artificial  ultramarine  before  the  Academic  des  Sciences  of  Paris. 
He  used  as  the  basis  a  mixture  of  precipitated  hydrate  of  alumina  and 
silex,  which  was,  later  on,  superseded  by  China  clay  (kaolin). 

In  1829  Koettig  produced  ultramarine  at  the  Royal  Saxon  Porcelain 
factory  at  Meissen. 

In  1834  Leverkus,  at  Wennelskirchen  and  later  at  Leverkusen,  on  the 
Rhine,  produced  the  pigment. 

In  1837  Leykauf  and  Zeltner  at  Nuremberg,  introduced  the  manu- 
facture o4  ultramarine  into  Germany. 

Prices  of  ultramarine  in  1830: 

Natural ' $50.25  per  pound 

Artificial 4 .  05  per  pound 

Ultramarine  is  composed  of  alumina,  silica,  soda  and  sulphur. 

The  ultramarine  blue  which  is  made  by  means  of  a  potash  salt  instead 
of  a  soda  salt  has  every  analogy  of  color  and  shade  to  genuine  cobalt  blue 
except  that  the  genuine  cobalt  blue  is  not  affected  by  acids  as  rapidly  as 
the  artificial. 

Prussian  Blue.  This  is  a  very  permanent  and  powerful  color  made 
by  precipitating  solutions  of  ferrous  salts  with  ferrocyanide  of  potassium, 
and  subsequently  converting  into  the  ferric  condition. 

Chrome  Green.  Chrome  green  is  a  mixture  of  chrome  yellow  and 
Prussian  blue,  and  is  not  the  chromium  oxide  described  in  the  next 
paragraph. 

Chromium  Oxide.  This  green  is  one  of  the  most  permanent  greens 
used,  but  it  is  not  extensively  employed  in  the  manufacture  of  mixed 
paints  except  where  absolute  permanence  is  necessary.  It  is  met  with 
occasionally  in  railway  paints  for  switch  target  signals,  and  as  a  mixed 
paint  to  be  used  on  vessels  for  repainting  the  receptacle  in  which  the  port 
lights  rest.  It  is  not  a  brilliant  green  and  cannot  be  compared  with  the 
chrome  greens,  which  are  mixtures  of  chrome  yellow  and  Prussian  blue. 
It  is  more  of  an  olive  shade. 
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Lamp  Black  and  Carbon  Black.  Both  of  these  are  condensed  soots, 
the  one  made  from  dead  oil,  and  the  other  usually  from  gas.  They  are 
pure  carbon. 

Graphite.  Graphite  is  either  artificial  or  natural,  and  very  seldom 
contains  more  than  90  per  cent  of  carbon.  It  has  a  peculiar  silvery 
luster  by  which  it  can  be  identified. 

Charcoal  and  Coal.  Charcoal  and  coal  are  analogous  in  composi- 
tion, except  that  charcoal  black  is  alkaline  and  coal  black  acid.  Vine 
black  is  also  the  same  as  charcoal  black. 

Mineral  Black.  Mineral  black  is  usually  a  slate  colored  with  oxide 
of  iron. 

Silica  and  Infusorial  Earth.  Silica  and  infusorial  earth  are  usually 
either  ground  quartz  or  the  native  infusorial  earth  washed  and  powdered. 
China  clay  and  kaolin  are  silicates  of  alumina  largely  used  as  either  rein- 
forcing pigments  or  substratums  for  lakes. 

Barium  Sulphate.  Barium  sulphate  is  an  artificial  precipitate,  usually 
made  from  barium  chloride  and  sodium  sulphate,  and  is  largely  used  as  a 
lake  base,  and  in  its  dry  form  as  a  reinforcing  pigment.  The  United 
States  navy  has  lately  experimented  with  it  in  a  very  large  way  for  making 
battleship  gray. 

Barytes.  Barytes  has  the  same  chemical  composition  as  th^  artificial 
barium  sulphate,  but  is  the  native  mineral,  finely  powdered. 

Calcium  Carbonate.  Calcium  carbonate  is  either  whiting,  or  white 
mineral  filler  or  powdered  marble. 

Gypsum  and  Terra  Alba.  Gypsum  and  terra  alba  are  either  artificial 
or  natural  calcium  sulphate. 

Prince's  Mineral  and  Prince's  Metallic.  Prince's  mineral  and  Prince's 
metallic  are  both  oxides  of  iron  containing  about  40  per  cent  of  oxide, 
the  balance  being  silicate  or  clay. 

Ochre.     Ochre  is  clay  stained  with  the  hydrated  oxide  of  iron. 

Umber.  Umber  is  a  clay  earth  stained  with  oxides  of  manganese 
and  iron. 

Sienna.  Sienna  is  largely  composed  of  hydrated  oxide  of  iron  and 
a  very  small  percentage  of  clay. 

Vandyke  Brown.  Vandyke  brown  is  a  clay  earth  stained  with  a  bitu- 
minous compound. 

Paint  Vehicles.  The  vehicles  or  liquids  used  in  making  paint  are 
linseed  oil,  soya  bean  oil,  China  wood  oil,  fish  oil,  corn  oil,  turpentine, 
benzine,  benzol,  turpentine  substitutes  and  driers. 

Linseed  Oil.  Linseed  oil  is  the  oldest  paint  vehicle  known.  It  is  the 
oil  expressed  from  the  flax  seed,  or,  as  it  was  formerly  known,  the  linen 
seed,  hence  its  name,  linseed.  Most  of  the  raw  linseed  oil  produced  in 
the  United  States  comes  from  the  northwest.  The  foreign  oils  come 
from  Calcutta,  the  Baltic,  and  the  Argentine  regions.  The  oldest  method 
for  extracting  the  oil  consists  in  crushing  the  seeds,  heating  it  in  a  steam 
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jacketed  kettle  and  finally  subjecting  it  to  hydraulic  pressure.  In  a  later 
method,  which  is  a  continuous  one,  the  crushed  seed  is  forced  through  a 
screw  press,  the  oil  thus  oozing  through  the  openings  in  the  bottom  of  the 
tube  while  the  cake  falls  out  at  the  end  in  the  form  of  flakes.  A  third 
process  consists  in  extracting  the  crushed  seed  by  means  of  naphtha,  the 
excess  of  solvent  being  subsequently  removed  by  evaporation. 

Linseed  oil  dries  by  oxidation  and  this  may  be  hastened  by  the  addition 
of  salts  of  lead  or  manganese,  known  as  driers. 

Soya  Bean  Oil.  Soya  bean  oil  is  closely  allied  to  linseed  oil,  but  there 
are  some  seventeen  varieties  of  it,  and  most  of  them  are  very  poor  driers, 
and  remain  stickj^  for  a  long  time.  There  are  three  or  four  varieties  of 
soya  bean  which  yield  very  good  oil,  but  until  these  are  scientifically 
cultivated  it  will  be  rather  difficult  to  recommend  them. 

China  Wood  Oil.  China  wood  oil  has  been  known  in  America  since 
1896  only,  and  is  known  under  the  name  of  tung  oil,  kiri  oil,  and  China 
nut  oil.  It  cannot  be  used  in  its  raw  state,  but  must  always  be  cooked, 
with  the  addition  of  a  suitable  drier,  to  a  temperature  of  over  500°  F. 
It  makes  a  very  waterproof  material. 

Fish  Oil.  There  is  only  one  variety  of  fish  oil  that  is  used  in  paint 
making,  and  that  is  known  as  menhaden  fish  oil,  which  is  the  oil  extracted 
from  the  moss-bunker.  The  fish  are  collected  on  the  northeastern  coast 
of  North  America.  When  used  up  to  about  70  per  cent  with  other  oils, 
it  makes  a  suitable  oil  for  paint  purposes. 

Com  Oil.  Com  oil,  as  the  name  indicates,  is  the  oil  pressed  from 
the  seed  of  the  com  or  maize  plant,  and  does  not  dry  very  well.  When 
mixed  with  linseed  oil  it  has  some  uses  as  a  grinding  oil. 

Turpentine.  Turpentine  is  one  of  the  oldest  solvents  known.  It 
is  collected  from  the  sap  of  the  pine  tree  in  the  southern  part  of  the  United 
States,  and  when  this  sap  is  distilled  it  yields  ordinary  and  spirits  of  tur- 
pentine. 

Benzine.  Benzine  is  a  light  fraction  of  petroleum  oil  or  asphalt  oil, 
and  is  more  inflammable  than  turpentine.  It  has  a  very  large  use  in  the 
paint  industry,  particularly  for  the  manufacture  of  oil  cloth,  linoleum, 
etc.,  where  a  cheaper  solvent  is  necessary. 

Benzol.  Benzol  is  a  light  fraction  derived  from  coal  tar  and  has  great 
solvent  properties.  It  is  a  desirable  constituent  of  mixed  paint  which  is 
to  be  used  for  painting  new  wood,  and  if  used  up  to  a  reasonable  limit 
improves  the  spreading  quality  of  paint  considerably. 

Turpentine  Substitutes.  There  is  a  large  class  of  turpentine  sub- 
stitutes which  are  replacing  turpentine  itself.  These  are  the  higher  frac- 
tions of  petroleum  and  asphalt  oils  which  have  about  the  same  specific 
gravity  as  turpentine.  They  are  nmch  more  reasonable  in  price,  and  in 
many  instances  serve  the  same  purpose  as  pure  turpentine. 

Driers.  Driers  are  needed  in  almost  all  paints.  It  is  assumed  that 
they  exert  no  chemical  action  but  attract  oxygen  from  the  air  by  virtue 
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of  their  presence.  The  principal  driers  used  in  paint  making  are  made 
of  soaps  composed  of  lead  and  manganese  in  some  form  or  other,  usually 
as  the  linoleate  or  the  resinate.  Too  much  drier  is  regarded  as  harmful 
in  paint,  but  a  limited  amount  serves  a  very  good  purpose  in  that  the 
paint  is  made  to  dry  before  dust  can  collect. 

Mixed  Paints.^  In  preparing  paint  from  the  above  materials  there 
are  several  methods  employed.  The  most  common  procedure,  however, 
is  to  mix  the  base  with  a  small  amount  of  the  vehicle  (usually  linseed  oil) 
in  a  suitable  mixing  machine.  The  oil  is  placed  in  the  can  of  the  mixer 
and  the  pigment  added  in  small  portions  at  a  time,  until  the  proper  amount 
has  been  introduced.  A  thick  paste  should  be  the  result  of  this  operation, 
which  on  becoming  homogeneous  is  passed  through  a  powerful  mill.  The 
mills  most  commonly  used  are  similar  to  the  one  shown  in  Fig.  10,  and 
consist  of  two  heavy  burr-stones,  which  may  be  so  set  as  to  give  any 
degree  of  fineness  desired.  The  latest  type  of  mill  is  provided  with 
water  cooling  device  so  as  to  prevent  overheating  through  the  friction 
of  the  stones. 

It  is  sometimes  desirable  to  regrind  the  paint;  this  is  accomplished  by 
returning  to  the  same  mill,  or  as  is  more  common,  passing  it  by  gravitj'  to 
a  second  mill  of  the  same  type.  The  ground  paint  is  next  transferred  to 
the  liquid  mixer  where  the  thinner  is  introduced  and  thoroughly  incor- 
porated. The  thinner  used  will  vary  with  every  make  of  paint,  but  a 
typical  mixture  would  consist  of  raw  linseed  oil,  turpentine,  drier,  and 
benzine,  the  amount  of  each  depending  largely  upon  the  price  and  nature 
of  the  paint  in  question. 

For  some  of  the  colored  paints  boiled  linseed  oil  is  substituted  for  the 
raw  oil,  owing  to  the  fact  that  the  boiled  oil  dries  much  more  rapidly.  For 
paints  which  are  to  have  a  high  gloss  a  certain  amount  of  varnish  is  usually 
added.  When  a  large  amount  of  turpentine  is  employed  the  paint  dries 
with  a  flat  surface.  Flat  finishes  are  also  obtained  by  using  treated  China 
wood  oil  in  the  thinner.  Owing  to  the  high  price  of  linseed  oil,  as  well  as 
the  beneficial  results  obtained,  it  is  quite  common  practice  to  add  a  certain 
amount  of  semi-drjdng  oils  as  for  example,  soya  bean  oil,  com  oil,  fish  oil, 
or  other  substitutes. 

The  benzine  is  added  to  hasten  the  dr>'ing  by  evaporation,  while  the 
drier  is  added  to  aid  in  the  oxidation  of  the  oil. 

When  the  paint  is  properly  thinned  it  is  ready  for  shipment.  As 
prepared  in  the  above  manner  the  paint  is  supposed  to  be  ready  for  applica- 
tion, but  as  a  matter  of  fact  they  should  be  too  thick  and  should  require 
a  certain  amount  of  further  thinning  before  they  are  fit  to  use. 

-  Editor's  note. 
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"  THE  METALLURGY  OF  IRON  AND  STEEL." 

BR.\DLEY  STOUGHTON 
MetaUurgical  Engineer,  New  York  City, 

Iron  is  a  metal  and  one  of  the  commonest  of  the  chemical  elements 
on  the  earth's  surface.     From  the  magnetism  of  the  earth  we  may  also 
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infer  that  its  interior  is  probably  an  iron  ball,  and  that  the  supply  is  limit- 
less provided  we  can  get  at  it.  The  most  important  chemical  properties 
of  iron  from  a  practical  standpoint  are:  First,  its  liability  to  oxidation  in 
damp  air  (i.e.,  rusting);  second,  the  ease  with  which  its  oxides  (ores)  are 

354 


"THE  METALLURGY  OF  IRON  AND  STEEL"  355 

reduced  at  all  temperatures  above  500°  F.  (260°  C),  and  third,  its  very 
powerful  chemical  affinity  for  carbon. 

Its  most  important  physical  properties  are  its  strength,  magnetism, 
and  ability  to  become  hardened  an<l  to  retain  a  durable  cutting  edge  after 
appropriate  manufacture  and  treatment.  In  these  three  properties  it 
can  be  made  to  excel  all  other  known  substances.  Add  to  them  its  cheap- 
ness, and  we  can  understand  the  importance  of  the  ferrous  metals  to 
industry  and  to  civilization.  Another  characteristic  of  iron  which  is 
of  almost  equal  importance  is  its  very  unusual  adaptability.     To  illus- 


FiQ.  196.— Blast  Furnace  and  its  Hot  Blast  Stoves. 

trate  this  briefly:  Iron  can  be  made  either  the  strongest  or  one  of  the  weak- 
est of  metals;  either  the  most  magnetic  or  one  of  the  non-magnetic  metals; 
one  of  the  hardest  or  one  of  the  softest;  one  of  the  toughest  or  one  of  the 
most  brittle;  it  may  have  a  coeflicient  of  expansion  with  changes  in 
atmospheric  temperature  varying  from  almost  zero  to  a  maximum,  and 
it  may  be  given  a  combination  of  some  of  these  different  properties  at 
will,  according  to  the  purpose  for  which  it  is  to  be  fitted  in  service.  And 
most  of  these  variations  are  brought  about  by  changing  the  amount  of 
foreign  elements  by  less  than  5  per  cent  of  the  mass,  or  by  giving  it  a 
different  heat  treatment,  or  by  both  together. 

Ores.     The  chief  ores  are  the  oxides,  FeaOa  and  Fe.'i04.     In  only 
a  few  localities  is  the  carbonate  important.     Unless  the  proportion  of 
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iron  is  at  least  35  to  50  per  cent,  the  ore  can  not  be  smelted  with  profit, 
except  where  the  cost  of  mining  plus  mechanical  concentration  ia  low. 

Blast  Furnace.  Over  95  per  cent  of  all  the  iron  ere  treated  goes  into  the 
blast  furnace,  where  it  is  smelted  with  coke  and  preheated  air,'  and  a 
relatively  impure  grade  of  metal,  known  as  pig  iron,  is  produced.     The 


modem  American  blast  furnace  conforms  in  a  general  way  to  the  lines 
and  dimensions  of  Fig.  197.  A  column  of  coke  fills  the  body  of  the  furnace 
from  the  bottom  of  the  hearth  to  the  top  of  the  bosh,  and  above  this  are 
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alternate  layers  of  coke  and  iron  ore,  together  with  an  appropriate  flux, 

which  is  generally  limestone. 

The  preheated  air,  at  a  tem- 
perature of  usually  800  to  1200° 

F.   (426  to  650"  C.)  and   at  a 

pressure    of   about  15    lbs.    per 

square  inch,  enters  through  the 

tuyere  pipes  at  the  top  of  the 

hearth,  combines  nith  the  fuel 

and  creates  a  volume  of  intensely 

hot  reducing  gases,  which  pass 

up  through  the  interstices  of  the 

charge,    melting,     heating    and 

reducing  the  ore  which  it  meets, 

and  finally  passing  out   at   the 

throat    of    the    furnace.       The 

temperatures  at  different  points 

in  the  furnace   and  the  various 

reactions  which  take   place,  are 

shown  in  a  general  way  in  Fig. 

198.     Below  the  top  of  the  bo.ih 

the  fuel  is  the  only  material  not  in 

liquid  form.     The  iron,  contain- 
ing about  3.50  to  4.50  per  cent 

of  carbon  and  varying  amounts 

of   silicon,    sulphur    and    other 

elements,  according  to  the  reactions  of  the  smelting  zone,  collects  in 
the  bottom  of  the  hearth,  and  on  top 
of  it  the  cinder,  consisting  of  the  impuri- 
ties in  the  ore  together  with  the  ash  of 
the  coke  and  the  lime,  magnesia  and 
impurities  of  the  flux.  All  sulphur  which 
is  brought  to  the  condition  of  CaS  goes 
into  the  cinder,  and  all  that  in  the  form 
of  FeS  goes  into  the  iron.  Wijh  tiiis 
exception  the  cinder  contains  all  the 
oxidized  materials  and  the  metal  all  those 
in  reduced  condition. 

The  cinder,  because  of  its  low  specific 

u^.-i^^c^ .M>  gravity,  floats  on  top  of  the  metal  and  is 

'^'^  f  drawn  off  about  15  times  in  twenty-four 

t^'iZ^iw     niU  hours  and  disposed  of.     The   metal   is 

Fig  199  tapped  out  of  the  bottom  of  the  furnace 

about  every  six  hours  and  is  either  cast 

in  the  form  of  pigs  or  transport  etl  to  a  nearby  steel  mill  in  the  liquid  form. 


Fio.  198. 
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The  gas  received  at  the  throat  contains  aliout  22  to  27  per  cent  of  CO 
and  has  a  calorific  power  of  85  to  95  B.T.U.  per  cubic  foot.  About 
one-third  of  it  is  used  for  heattiiK  up  the  four  hot  blast  stoves  which  pre- 
heat the  air  used  for  smelting,  and  the  remaining  two-thjrds  is  consumed 
under  boilers  or  in  gas  engines,  for  tlie  generation  of  power. 

Because  of  its  impurity  and  therefore  its  friability,  pig  iron  cannot 
be  worked  or  wrought.  Many  millions  of  toiLs  per  year  are  used  in  the 
form  of  iron  castings,  and  the  remainder  purified.  The  purification 
consists  in  oxidizing  the  carbon,  silicon,  and  some  other  impurities. 


Manufacture  of  Wrought  Iron.  In  the  puddling  process,  Fig.  200,  the 
impurities  are  oxidized  by  melting  pig  iron  on  a  bed  of  iron  ore.  The 
ore  gives  up  its  oxygen  to  the  impurities  and  some  iron  is  reduced  from  it, 

Fe203+3C  =  3CO+2Fe 
2Fe203  +3Si  =  3Si02+4Fe 
5Fe2O3+6P  =  3P2O5+10Fe        .^^. 

At  the  end  of  about  one  hour  and  a  half  the  carbon,  silicon  and  man- 
ganese are  almost  entirely  eliminated,  as  well  as  a  portion  of  the  phos- 
phorus and  sulphur.  The  iron  is  then  drawn  from  the  furnace  in  a  pasty 
state,  becau.se  the  heat  is  not  sufficient  to  maintain  it  in  the  liquid  form 
in  a  purified  condition. '  Wrought  iron  so  produced  is  one  of  the  purest 
of  the  iron  and  steel  products.  Its  distinguishing  characteristic  is  the 
webs  and  strings  of  slag  mixed  with  it,  which  are  drawn  out  by  the  rolling 
process,  and  give  the  metal  its  fibrous  structure. 

Crucible  Steel.     On  account  of  its  freedom  from  carbon,  tvrought  iron 
lacks  great  strength  and  cannot  be  made  to  take  a  temper.     If  it  be  melted 
in  crucibles  with  charcoal,  pig  iron,  or  some  other  substance  rich  in  carbon, 
'  The  purer  ihv,  iron  the  liighcr  tilt  temperature  at  which  it  melta. 


"THE  METALLURGY  OF  IRON  AND  STEEL' 


90  that  the  resulting  metal  will  contain  from  0.75  to  L50  per  cent  carbon, 
it  makes  a  steel  which  is  largely  used  for  cutting  tools  and  similar  pur- 
poses, and  is  the  highest  in  quali- 
ty and  price. 

Bessemer  Steel.  Pig  iron  is 
also  purified  by  the  Bessemer 
process,  Fig.  201 ,  in  which  cold  air 
is  blown  through  a  bath  of  liquid 
pig  iron.  The  oxygen  of  the  air 
oxidizes  the  silicon,  manganese 
and  carbon  and  these  oxidized  , 
materials  separate  in  the  form  of 
a  slag,  ^vith  the  exception  of  the  ' 
latter,  which  pa.'^scM  off  as  gas 
(chiefly  CO).  The  complete 
purification  of  10  to  20  tons  of 
liquid  pig  iron  requires  only  seven 
to  fifteen  minutes  of  blowing. 
The  heat  produced  by  the  oxida- 
tion of  the  impurities  is  sufficient 
not  only  to  keep  the  bath  in  the 
liquid  condition  duringthe  opera- 
tion but  also  to  raise  its  tem- 
perature more  than  575"  F.  (300" 
C).     The  liquid  metal,  however, 

dissolves    a    good    deal    of    iron  Fio.  201.— A  Bessemer  Blow, 

oxide,  which  ha-s  a  very  harmful 

effect  upon  its  qualities,  but  is  nearly  all  removed  by  the  addition  of  man- 
ganese at  the  end  of  the  "  blow." 

TYPICAL   ANALYSES   IN  THE   HISTORY   OF  A   BESSEMER  BI^W 
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The  appearance  of  the  "  converter "  flame  gives  an  index  by 
which  the  operation  may  l>e  followed  and  controlled.  When  the 
oxidation  of  impurities  is  completed,  the  flame  shortens,  or  "drops," 
and  the  blowing  is  discontinued.  Then  is  added  a  predetermineil 
amount    of     manganese    to     remove     absorbed     oxygen;     silicon      to 
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prevent  gas  bubbles  or  "blow-holes,"  and  carbon  to  gi%'e  the  deared 
<legree  of  strrngth  or  hardness,  or 
Iwth. 

Basic  Bessemer.  Acid  Bessemer 
slags  arc  rich  in  silica,  aud  thia  pre- 
vents the  elimination  of  phoephorus 
from  the  metal,  because  silica  will  force 
pho.sphorus  out  of  the  slag  unless  there 
is  a  great  predominance  of  basic  rad- 
icles present  to  unite  with  both  silica 
and  phosphoric  acid.  However,  by 
using  pig  iron  low  in  silicon,  and  alno 
adding  lai^e  quantities  of  lime  to  the 
bath  in  the  converter,  we  may  make  a 
FiQ.  202.-Rprtion  Bwwemer-  '•a'^i*'  slag,  which  is  retentive  of  phos- 

phorus, and  permits  it  to  be  removed 
after  oxidixing,  jusf  as  in  the  puddling  process  already  mentioned.  At  the 
same  time  the  lining  of  the  converter  is  made  of  basic  instead  of  acid 
materials  lest  it  be  attacked  by  the  slag.  The  basic  Bessemer  process  has 
not  maintained  a  foothold  in  America  because  the  supply  of  pig  iron  suffi- 


Fia.  203. — Blast  Furnace  Blowing  Enginee. 

ciently  rich  in  phosphorus  has  not  been  so  abundant  as  to  create  the 
competition  which  produces  low  prices.' 

'  Because  the  silicon  in  the  basic  pig  iron  must  be  low,  the  phosphonia  must  be 
high  (1.75  per  cent  or  more)  in  order  to  supply  the  necessary  heat. 
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Qiifllity  of  Bessemer  Steel.  Bessemer  steel  is  the  lowest  in  price  and 
poorest  in  quality,  and  in  America  this  process  is  now  rapidly  giving  way 
to  the  basic  open  hearth  process,  chiefly  because  the  supply  of  ore  from 
which  to  make  pig  iron  suitable  for  the  Bessemer  process  is  yearly  running 
lower.  The  great  field  of  the  Bessemer  process  has  been  in  the  manu- 
facture of  railroad  rails,  wire  and  pipe.  For  the  two  latter  commodities 
it  bids  fair  to  retain  its  predominance  for  a  time  at  least,  because  it  is 
especially  adapted  to  the  manufacture  of  steel  low  in  carbon. 

Open  Hearth  Steel.  The  open  hearth  process  depends  upon  Sir 
William  Siemen's  method  of  obtaining  very  high  temperatures  by  the 
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regenerative  system.  By  this  means  a  bath  of  iron  may  be  maintained 
in  a  liquid  condition  at  any  degree  of  purity.  The  open  hearth  process 
really  consists  in  remelting  old  steel  scrap  with  varying  amounts  of  pig 
iron.  After  the  charge  is  melted,  the  impurities  are  oxidized  by  the 
addition  of  iron  oxide,  usually  in  the  form  of  ore  or  mill  scale.  It  takes 
from  three  to  four  hours  to  melt  and  about  an  equal  lenfrth  of  time  to 
complete  the  purification. 

Ebccept  in  England,  where  large  amounts?  of  acid  open  hearth  steel 
are  made  for  ships,  bridges  and  other  structural  purposes,  the  basic  proc- 
ess is  predominant.  The  basic  furnaces  are  lined  with  magnesite  or  dolo- 
mite and  the  phosphorus  as  well  as  silicon,  manganese  and  carbon,  are 
oxidized  to  as  low  a  point  as  may  be  desired.    An  important,  ftlthougb 


362  INDUSTRIAL  CHEMISTRY 

somewhat  uncertain,  amount  of  sulphur  is  also  carried  into  the  slag  in 
the  form  of  calcium  sulphicle  CaS. 

Manganese  and  silicon  must  be  added  to  the  metal  at  the  end  of  the 
open  hearth  process,  as  in  the  Bessemer  process,  but  even  under  these 
conditions,  basic  open  hearth  steel  is  liable  to  contain  dissolved  oxide  and 
also  to  be  impregnated  with  gas  bubbles  or  "  blow-holes."  For  the  best 
grades  of  structural  steel  and  steel  castings,  the  acid  open  hearth  proeesi 
therefore,  maintains  its  importance,  in  spite  of  the  higher  cost  of  manu- 
facture due  to  the  price  of  low-phosphorous  pig  iron  and  steel  scrap. 

Duplex  Process.  The  combination  of  the  acid  Bessemer  and  basic 
open  hearth  processes  has  recently  become  of  much  importance,  because 
it  enables  us  to  get  some  of  tiie  rapidity  of  working,  which  is  character- 
istic of  the  Bessemer  purification,  together  with  the  elimination  of  pho&- 
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phorua.  The  metal  is  usually  first  blown  in  a  Bessemei*  converter  until 
the  silicon  and  manganese,  and  about  one-half  of  the  carbon,  are  eliminated, 
after  which  it  is  transferred,  still  in  the  liquid  form,  to  the  open  hearth 
furnace  where  the  remainder  of  the  carbon  and  the  phosphorus  is  oxidized. 
Electric  Iron  and  Steel.  Electricity  may  be  ui^ed  as  a  source  of  heat 
in  the  melting  of  either  iron  or  steel,  and  in  localities  remote  from  fuel 
supply  and  adjacent  to  other  cheap  sources  of  power,  experiments  of  this 
nature  have  been  made  with  commercial  success.  They  have  excited  a 
great  deal  of  interest,  although  the  volume  of  production  has  not  yet 
attained  relative  importance.  It  is  believed,  however,  that  electric 
melting  will  give  a  cheaper,  an<l  a  higher  grade  of  steel  than  the  crucible 
process,  and  important  developments  in  this  field  have  already  begun. 
Electric  furnaces  are  also  the  only  means  of  producing  some  of  the  "  ferro- 
alloys "  because  sufficient  temperature  cannot  be  otherwise  obtained. 


•THE  METALLURGY  OF  IRON  AND  STEEL"  363 

By  iiicaiis!  of  electricity,  temperatureK  may  be  obtained,  hitherto 
unattaTliable  with  fuel,  and  an  operation  may  be  ccnductcd  in  a  non- 
oxidi.stng  atmosphere.  Therefore  a  duplex  process,  consisting  of  the  piiri- 
fication  of  steel  at  a  very  high  temperature  in  an  electric  furnace,  subse- 
quent to  either  the  Bessemer  or  the  open  hearth  operation,  has  resulted  in 


Pia.  206.— Pig  Casting. 

a  superior  quality  of  steel  (on  account  of  freedom  from  dissolved  gases 
and  oxides,  phosphorus  and  sulphur)  at  a  medium  cost. 

Malleable  Cast  Iron.  Iron  castings  lack  strength  and  ductility  on 
account  of  the  impuritie.'i  contained,  and  more  especially  on  account  of 
the  large  flakes  of  graphite,  which  destroy  the  continuity  of  the  metallic 
mass.  On  the  other  hand,  steej  ca.stings  are  costly  to  make,  not  only 
because  of  the  expense  of  purifying,  but  chiefly  Ix'cau.se  of  their  relative 
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infusibility  and  high  shrinkage  in  cooling.  A  between-product  has  there- 
fore been  developed  to  which  the  name  of  malleable  *'  cast  iron  "  has  been 
given,  because,  although  its  composition  approaches  that  of  ordinary  cast 
iron,  it  differs  from  it  in  having  a  limited  amount  of  malleability.  It  also 
has  greater  strength  than  cast  iron  and  a  very  moderate  degree  of  ductility. 
Malleable  cast  iron  is  made  by  first  making  castings  of  white  cast  iron 
in  which  the  carbon  is  usually  under  3  per  cent  and  all  in  the  combined 
form.  These  castings  are  then  maintained  at  a  bright  red  heat  for  two 
or  three  days  or  more,  which  results  in  the  carbon  being  precipitated  in 
very  minute  flakes  of  graphite,  known  as  **  temper  carbon."  Temper 
carbon  differs  from  graphite  chiefly  in  the  small  size  of  its  particles,  and 
the  characteristics  of  malleable  cast  iron  are  due  to  this  difference  and  also, 
in  lesser  degree,  to  the  circumstance  that  the  amount  of  carbon  and  phos- 
phorus is  less. 

The  Constitution  of  Iron  and  Steel.  Iron  and  steel  are  not  simple 
bodies  but  are  of  composite  structure,  formed  of  aggregations  of  different 
crystals.  The  nature  of  their  constitution  may  be  best  understood  by 
applying  the  modern  theory  of  solutions.  Space  does  not  permit  of  om* 
expounding  this  theory  here,  but  those  who  have  mastered  it  will  under- 
stand its  expression  in  the  diagram  shown  in  Fig.  207.  The  upper 
V-shaped  curve  of  this  diagram  represents  the  freezing  of  the  various 
alloys,  or,  as  we  sometimes  express  it,  their  crystallization  from  the  liquid 
state.  The  upper  left-hand  freezing  point  locus,  AB,  represents  the 
crystallization  of  iron  containing  about  2  per  cent  of  carbon  in  solid  solu- 
tion. The  upper  right-hand  locus,  BC,  represents  the  crystallization  of  a 
compound  known  as  cementite,  having  the  chemical  formula  FesC.  The 
lower  line,  aSD,  represents  the  freezing  of  the  eutectic,  which  consists 
of  a  mixture  of  the  solid  solution  before  mentioned,  and  cementite. 
The  ultimate  analysis  of  this  eutectic  shows  95.7  per  cent  iron,  4.3  per 
cent  carbon.  ^ 

The  lower  V-shaped  curve  represents  the  decomposition  of  the  2  per  cent 
solid  solution  of  iron  and  carbon  previously  referred  to.  The  line,  GOS 
is  the  locus  of  the  precipitation  of  pure  iron  (to  whose  crystals  the  name  of 
ferrite  is  given).  The  line.  Say  is  the  locus  of  the  precipitation  of  cementite, 
FesC.  The  horizontal  line,  PSK^  is  the  locus  of  the  formation  of  what 
Professor  Howe  has  very  aptly  called  the  "  eutectoid,"  consisting  of  7  parts 
by  weight  of  ferrite  and  1  part  by  weight  of  cementite  and  showing  on  ulti- 
mate analysis  about  0.90  per  cent  of  carbon. 

It  is  to  be  remarked  that  the  ordinate  extending  through  the  point  a 
is  especially  chosen  as  the  boundary  line  between  steel  and  cast  iron. 
In  other  words,  all  the  alloys  to  the  left  of  the  point  a  (that  is  to  say,  all 
those  with  less  than  2.20  per  cent  carbon)  are  classified  as  steel,  and  all 

'Thoee  who  have  not  mastered  the  modem  theory  of  solutions  should  refer  to 
Howe's  ''Iron,  Steel  and  Other  Alloys"  and  to  later  researches  on  Metallography 
given  in  the  list  of  references. 
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those  to  the  right  of  this  point  are  classifiecl  as  cast  iron.  It  will  be  noted 
that  the  foregoing  paragraphs  do  not  allow  for  the  presence  of  graphite 
in  cast  iron.  The  occurrence  of  this  metalloid  has  been  the  source  of  much 
research  and  discussion  for  which  we  have  not  space  here.  Suffice  it  to 
say  that,  in  gray  cast  iron,  the  cementite  which  should  be  present  accord- 
ing to  the  considerations  mentioned  above,  is  replaced  in  part  (and  some- 
times in  very  large  part)  by  graphite.  Tliis  applies  not  only  to  the  cemen- 
tite theoretically  born  during  solidihcation,  but  also  that  which  is  born  in 
region  SaDK,  and  during  the  formation  of  the  eutectoid  designated  by 
line  PSK.    The  presence  of  silicon  in  cast  iron  is  one  of  the  strongest 
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factors  in  promoting  the  presence  of  graphite  instead  of  cementite.  Rapid 
cooling  from  the  liquid  state  on  the  other  hand  will  tend  to  counteract 
this  effect  of  silicon  and  produce  an  iron  in  which  the  carbon  is  in  the 
form  of  cementite,  or  else  is  held  in  solid  solution. 

From  the  foregoing  explanation  we  may  observe  that  the  iron  alloys 
with  less  than  0.90  per  cent  carbon '  consist  of  ferrite  and  the  eutectoid,^ 
The  alloys  between  0.90  per  cent  and  2.20  per  cent  carbon  ^  will  consist 
of  pearlite  and  cementite.  From  these  two  classes  graphite  is  not  only 
theoretically  absent,  but  in  fact  seldom  occurs  there.     The  alloys  contain- 

'  That  IB,  wrought  iron,  soft  st«el,  structural  steel,  machinery  steel,  railroad  rails, 
and  even  a  great  laajority  of  spring  steel. 

'  The  oame  of  "  pearlite  "  is  also  given  to  the  eutectoid. 
'  Comprising  chiefly  the  steels  ussd  for  cutting  tools. 


366  INDUSTRIAL  CHEMISTRY 

ing  more  than  2.20  per  cent  carbon  include  the  whole  class  of  cast  irons, 
which  will  be  termed  "  gray  cast  irons  ''  if  they  contain  1  per  cent  or  more 
of  graphite,  and  "  white  cast  irons  "  if  their  carbon  is  practically  all  in 
the  form  of  cementite,  or  in  the  dissolved  condition.  When  they  contain 
but  a  fraction  of  a  per  cent  of  graphite,  the  cast  irons  will  have  a  white 
surface  on  a  freshly-broken  fracture,  with  gray  spots  here  and  there,  and 
to  them  is  given  the  name  of  "  mottled  cast  irons." 

Properties  of  Ferrite.  Ferrite  is  a  weak,  but  very  tough  and  ductile 
substance,  having  a  high  magnetic  power  and  a  relatively  high  conduc- 
tivity for  electricity  as  compared  with  the  other  constituents  in  iron  and 
steel.  We  conceive  that  the  weakness  of  ferrite  is  due  in  part  to  the  large 
size  in  which  its  crystals  ordinarily  occur,  and  that  this  size  is  due  in  turn 
to  their  opportunity  for  growth,  because  they  are  born  at  a  bright  red 
heat  in  a  relatively  mobile  mass.  We  come  to  this  hypothesis  because 
rapid  cooling  from  just  above  the  line  GOS  will  not  only  decrease  the  size 
of  the  crystals  of  ferrite,  but  will  greatly  increase  the  strength  of  the  iron. 

Properties  of  PearUte.  The  eutectoid  is  characterized  by  a  very  minute 
crystal  size,  so  that  high  powers  of  the  microscope  are  ordinarily  necessary 
to  discover  its  component  crystals.  This  minute  size  is  probably  one 
of  the  reasons  why  steel  with  0.90  per  cent  carbon  has  the  greatest  strength 
of  all  the  normal  slowly-cooled  iron  and  steel  alloys. 

Properties  of  Cementite.  Cementite  is  very  brittle  and  hard,  scratch- 
ing glass  with  ease.  It  is  magnetic  but  not  nearly  as  strongly  so  as 
ferrite,  and  it  is  very  fragile  under  shock.  It  is  naturally  of  great  serAdce 
in  cutting  tools;  but  only  within  limits,  because  an  excess  renders  the  tool 
too  fragile  to  bear  the  shocks  of  service.  It  is  also  useful  for  surfaces  to 
resist  abrasion,  and  on  this  account,  the  treads  of  cast  iron  freight  car 
wheels,  parts  of  rock-crushing  machinery,  etc.,  are  locally  chilled  in  order 
to  rapidly  cool  them  and  produce  white  cast  iron. 

Properties  of  Austentite.  Austentite  is  the  solid  solution  of  carbon 
in  iron  to  which  we  have  referred.  The  upper  limit  of  carbon  is 
about  2  per  cent,  although,  by  rapid  cooling  from  the  liquid  state,  and 
other  abnormal  means,  we  may  greatly  increase  the  amount  of  carbon 
retained  in  solution.  The  lower  limit  of  carbon  is,  of  course,  zero. 
Austentite  is  hard,  but  not  as  much  so  as  cementite,  and  it  is  also 
strong  and  brittle.  As  previously  described  in  connection  with  the  dia- 
gram, austentite  has  no  normal  occurrence  in  steel  at  atmospheric  temper- 
atures, but  is  completely  decomposed  into  pearlite  at  about  1300°  F. 
(700°  C),  when  the  reactions  on  cooling  are  normal. 

Properties  of  Graphite.  Graphite  is  a  soft  substance,  occurring  in 
broad  thin  flakes  which  are  themselves  composed  of  thinner  flakes,  each 
having  but  slight  adherence  to  the  other.  The  chief  effect  of  graphite 
in  iron  is  to  make  it  friable,  weak  and  non-ductile.  The  weakening  effect 
of  the  graphite  is  roughly  in  proportion  to  its  amount,  and  also  to  the  size 
of  the  individual  flakes. 
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EfiFect  Of  Combined  Carbon  on  Iron.  Combined  carbon  increases  the 
strength  of  steel  up  to  about  0.90  per  cent,  after  which  it  has  a  weakening 
effect.  It  decreases  the  ductility,  tougliness,  malleability,  magnetic 
power  and  electric  conductivity;  increaao-s  the  hardness  both  before  and 
after  quenching,  and  increases  the  brittleness. 

Effect  of  Other  Common  Constituents.  Manganese  is  added  to  steel 
for  the  purpose  of  removing  dissolved  oxide  and  also  for  neutralizing  the 
harmful  effect  of  the  oxy- 
gen which  it  is  not  able 
to  remove,  as  well  as 
that  of  sulphur,  because 
oxide  and  sulphide  of 
manganese  are  not  as 
harmful  to  iron  and 
steel  as  the  oxide  or  sul- 
phide of  iron.  Sulphur  '  ^ 
increases  the  "  red-short- 
ness "  of  iron  and  steel, 
i.e.,  their  brittleness  at  a 
red  heat  and  phosphorus 
increases  the  "cold-short- 
ness," especially  when 
the  metal  is  subjected  to 

shock.     The  upper  limit  y  ^ 

of  sulphur  and  phospho- 
rus in  steel  should  be  0. 10 
per  cent  and  in  high 
grades  it  is  customary  to 
specify  that  these  ele-  | 
mentsshal!bebclowO,035 
per  cent.  Silicon  and 
aluminium  are  added  to 

prevent  the  retention  of  '-' 

gas    bubbles    or    blow-  Fig.  208. 

holes  in  steel,     Silicon  is  l.  Electrolytic  Iron;    mostly  Ferrite.     2.  Steel  o( 

also  added  to  cast  iron  in   l-'M  per  cent  Carbon  Cementite  and  Pearlyte.     3.  Bub- 
order  to  precipitate    the   "»'**  "^   ^'''^''  '"   Sl«el.      4.  Steel   of   0.30  per  cent 

,         .      ,,  ,  ■,-     Carbon  Ferrite  and  Pearlyte.     5,  Spiegeleisen  (MniFe)i 

carbon  m  the    graphitic  ^  ^^^  p^^^j^^^     ^   PhosphoruB  Eutectic,  Fc.P   and 
form,    or    to       soften      i^„„ 
the  metal  as  it  is  called. 

In  this  respect  it  is  opposed  by  the  action  of  sulphur  which  tends  to  pro- 
duce white  cast  iron. 

Titanium  and  Vanadium.  Titanium  is  the  newest  element  commonly 
added  to  iron  and  steel  and  it  seems  to  have  a  powerful  influence  in  remov- 
i:^  the  last  trace  of  dissolved  oxj'gen  and  nitrogen,  as  well  as  increas- 


36S  INDUSTRIAL  CHEMISTRY 

ing  the  fluidity  of  entangled  oxides  and  slag  in  steel  castings  and  ingots 
which  enables  these  impurities  to  separate  more  easily  from  the  mass. 
Titanium  has  already  proved  very  beneficiai  in  its  addition  in  proportions 
of  a  few  tenths  of  a  per  cent  to  railroad  rails,  and  appears  to  have  a  bene- 
ficial effect  in  chilled  cast  iron  and  cast  iron  generally.  Vanadium  also 
appears  to  have  a  powerful  effect  in  removing  dissolved  oxygen  and 
seems  to  confer  great  strength  on  steel  when  used  in  combination  with 
nickel  or  chromium. 

Nickel  Steel.  The  addition  of  nickel  to  steel  in  amounts  up  to  Sj 
per  cent  increases  its  strength  and  elastic  limit  without,  at  the  same  time, 
decreasing  the  ductility  as  much  as  would  be  the  case  if  the  additional 


Fig,  209.— Effect  of  Heat  Tieatnient. 

strength  were  obtained  by  increasir^  the  carbon.  Nickel  also  reduces 
the  rusting  of  steel  and  the  segregation,  and  increases  the  soundness. 
Nickel-steel  with  42  per  cent  of  nickel  has  proven  invaluable  for  certain 
measuring  instruments,  surveyor's  tapes,  pendulums,  etc.,  because  it  is 
practically  without  expansion  or  contraction  with  changes  of  atmospheric 
temperature.  The  alloy  with  37  per  cent  nickel  has  the  same  contraction 
and  expansion  with  atmospheric  temperature  changes  as  has  platinum 
and  glass. 

Manganese  Steel.  Steel  with  12  to  15  per  cent  of  manganese  and  in 
the  neighborhood  of  2  per  cent  of  carbon  is  very  resistant  to  wear  and 
so  hard  and  tough  that  it  has  proved  very  advantageous  for  railroad  rails 
on  curves,  parts  of  rock-crushing  machinery,  burglar-proof  safes,  smaller 
sizes  of  armor-plate,  etc.  This  material  is  very  brittle  when  slowly 
cooled  but,  on  heating  to  nearly  a  white  heat  and  plunging  into  water, 
it  becomes  tough  and  ductile,  thus  reversing  the  ordinary  effects. 
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Chromitim  SteeL  Chromium  is  added  to  steel  in  amoimts  not  more 
than  li  to  2  per  cent  for  the  purpose  of  intensifying  the  hardness 
produced  by  heat  treatment.  It  is  very  useful  for  such  purposes  as  armor- 
plate,  armor-piercing  projectiles,  parts  of  crushing  machinery,  etc.  The 
combination  of  chromium  with  nickel,  or  with  vanadium,  together  with 
special  methods  of  heat  treatment,  such  as  double  quenching,  oil  treat- 
ment, etc.,  produces  a  chromium  steel  with  enormously  high  tensile 
strength. 

High  Speed  Steels.  Tungsten  or  molybdeniun,  when  added  to  steel 
in  proper  proportions,  produces  a  material  which  so  greatly  increases  the 
efficiency  of  cutting  tools  as  to  have  revolutionized  machine  shop  practice 
and  equipments  These  steels  are  known  as  '*  high  speed  steels  "  because 
they  do  their  cutting  work  so  rapidly  that  the  point  of  the  tool  may 
actually  become  a  dull  red  through  the  heat  of  friction  without  losing  its 
efficiency,  and  will  last  a  longer  time  between  grindings.  The  amount 
of  tungsten  in  these  steels  is  usually  between  14  and  20  per  cent,  or  else 
the  amount  of  molybdenum  will  be  between  6  and  12  per  cent,  while  the 
carbon  will  be  about  0.60  per  cent. 

Silicon  SteeL  Sir  Robert  Hadfield,  the  inventor  of  manganese  steel, 
has  also  given  us  another  alloy  steel  which  has  proven  unusually  efficient 
in  magnets,  because  of  its  high  permeability  and  high  electric  resistance. 
His  patent  covers  the  steel  alloys  containing  1  to  5  per  cent  of  silicon, 
and  the  smallest  possible  amounts  of  carbon,  manganese  and  other 
impurities.  The  steel  is  ready  for  use  after  a  double  (and  sometimes  a 
triple)  heat  treatment. 

Heat  Treatment  of  Steel.  Under  the  "  Constitution  of  Iron  and  Steel " 
we  have  mentioned  that  austentite,  when  slowly  cooled,  will  break  up  into 
a  conglomerate  of  pearlite,  with  either  ferrite  or  cementite,  this  action 
taking  place  at  about  700°  C.  (1292°  F.).  The  chemical  reaction  is  not 
an  instantaneous  operation,  however,  and  may  be  prevented  in  part  by 
rapid  cooling  from  above  this  temperature  down  to  atmospheric  tempera- 
ture. Since  austentite  is  much  harder  and  stronger  than  its  products  of 
decomposition,  the  hardness  of  this  treated  steel  may  be  controlled  by 
the  rate  of  cooling,  such  as  quenching  in  ice  water,  warm  water,  light  oils, 
heavy  oils,  etc.,  or  else  we  may  quench  in  water  in  the  first  instance  and 
then  "  temper  "  the  intense  hardness  thus  produced  by  reheating  the  steel 
to  temperatures  varying  between  220  and  330°  C.  (430  and  625°  F.). 
At  these  low  temperatures  steel  takes  on  a  variety  of  colors  due  to  the 
thin  film  of  oxygen  which  forms,  and  it  deepens  from  a  light  straw  at  220° 
C,  to  a  deep  blue  at  320°  C.     These  are  known  as  the  temper  colors. 

Corrosion  of  Iron  and  Steel.  The  corrosion  of  iron  is  its  greatest 
weakness  from  the  industrial  standpoint  and  involves  a  loss  of  millions 
of  dollars  each  year.  A  great  diflFerence  of  opinion  exists  as  to  whether 
steel  or  wrought  iron  rusts  the  faster,  but  it  is  now  generally  understood 
that  the  diflFerence  between  these  two  materials   is  not  great,  if  both 
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are  well  made.  There  is,  however,  a  great  superiority  in  well-made 
over  badly-made  material  of  either  class.  Steel  which  contains  entrained 
slag,  manganese  oxide,  iron  oxide,  much  occluded  gases  or  blow-holes, 
or  in  which  the  impurities  are  segregated,  will  yield  more  rapidly  to  rust- 
ing; and  wrought  iron,  which  contains  an  excessive  amount  of  slag,  not 
thoroughly  worked,  or  which  is  irregular  in  composition,  due  to  incom- 
plete puddling  or  to  the  mixture  with  it  of  steel  scrap  during  the  welding 
process,  or  which  has  been  made  from  low-grade  scrap  without  remelting, 
will  rust  faster  than  well-made  material.  In  short,  it  is  now  recognized 
that  the  quality  of  manufacture  has  a  much  greater  effect  than  the  process 
of  manufacture.  The  old  carbonic  acid  and  hydrogen  peroxide  theories 
to  explain  the  corrosion  of  iron,  have  now  been  replaced  by  the  electro- 
lytic theory,  and  it  is  recognized  that  any  irregularity  in  the  composition 
of  the  metal  which  produces  a  difference  of  potential,  will  hasten  the  rate 
of  corrosion.  There  is  also  found  to  be  a  very  great  difference  in  the  pro- 
tective power  of  different  paints  and  other  coatings  such  as  galvanizing, 
tinning,  oxidizing,  etc.,  for  which  the  reader  is  referred  to  the  recent 
treatise  by  Cushman  and  Gardner. 

BIBLIOGRAPHY 

H.   H.  Campbell.     The  Manufacture  and   Properties  of  J:  a  and  Steel.     Fourth 

Edition.     New  York  and  London,  1907. 
The  Journal  of  the  Iron  and  Steel  Institute.     Published  in  London.     Vol.  I,  1869. 
Stahl  und  Eisen.     PubUshed  in  Dusseldorf .     Vol.  I,  1881 . 
Revu£  de  Metallurgie.     Published  in  Paris.     Vol.  I,  1904. 
The  Iron  Age.     PubUshed  in  New  York.     Vol.  I,  1869. 
Transactions  of  the  American  Institute  of  Mining  Engineers.     PubUshed  in  New  York. 

Vol.  I,  1871. 
Iron  Trade  Review.     Published  in  Cleveland,  Ohio. 
Metallurgie.     Published  in  HaUe  am  See.     Vol.  I,  1904. 
Robert  Forsythe.     The  Blast  Furnace  and  the  Manufacture  of  Pig   Iron.     New 

York,  1908. 
M.  A.  Pavlov.     Atlas  of  Plans  for  Blast  Furnace  Construction.     Gekatermoslov, 

Russia,  1902. 
Joseph  W.  Richards.     Metallurgical  Calculations.     Part  I,  Introduction,  Chemical 

and  Thermal  Principles,  Problems  of  Combustion,  1906.     Part  II,  Iron  and  Steel, 

1907. 
Hermann  Wedding.     The  Basic  Bessemer,   or  Thomas  Process.     Translated  into 

EngUsh  by  WilUam  B.  PhilUps  and  Ernst  Prochaska.     New  York,  1891. 
Henry  M.  Howe.     The  MetaUurgy  of  Steel.     Vol.  I,  1890.     New  York. 
F.  W.  Harbord.     The  Metallurgy  of  Steel.     1911.     London.     With  a  Section  on 

Mechanical  Treatment  by  J.  W.  Hall. 
A.  Ledebur.     Handbuch  der  Eisenhuettenkunde,     Fourth  Edition.     Leipzig,  1906. 
Sir  I.  LowTHiAN  Bell.     Principles  of  the  Manufacture  of  Iron  and  Steel.     London, 

1884. 
M.  A.  Pavlov.     Album  of  Drawings  Relating  to  the  Manufacture  of  Open-Hearth 

Steel.     St.  Petersburg,  1908. 
George  R.  Bale.     Modern  Iron  Foundry  Practice.     Part  I,  Foundry  Equipment, 

Materials  Used,  and  Processes  Followed,  1902.     Part  II,  Machine  Molding  and 


'*THE  METALLURGY  OF  IRON  AND  STEEL"  371 

Molding  Machines,  Physical  Tests  of  Cast  Iron,  Methods  of  Cleaning  Castings, 

Foundry  Accounting,  etc.,  etc.     London,  1905. 
The  Foundry.      Published  monthly.     Vol.  XXXI,  1907.     Cleveland,  Ohio. 
Thomas  D.  West.    American  Foundry  Practice.    Treating  of  Loam,  Dry-Sand  and 

Green-Sand  Molding,  and  containing  a  Practical  Treatise  upon  the  Management 

of  Cupolas  and  the  Melting  of  Iron.     Published  in  New  York. 
WiLUAM  A.  Keep.    Cast  Iron.    A  Record  of  Original  Research.     New  York  and  Lon- 
don, 1902. 
H.  M.  Howe.    Iron,  Steel  and  Other  Alloys.    Second  Editon,  1907.    Published  by 

Sauveur  and  Whiting,  Boston,  Mass. 
G.  B.  Upton.    The  Iron-Carbon  Equili  riuni.     The  Journal  of  Physical  Chemistry. 

October,  1908. 
Proceedings  of  the  American  Sociteyfor  Testing  Materials.    Vol.  1, 1901 .     Philadelphia. 
Proceedings  of  the  International  Association  for  Testing  Materials.    Vienna,  Austria. 
Richard  Moldenke.     Malleable  Castings.    Cleveland,  1911. 
CusHMAN  AND  GARDNER.    The  Corrosion  and  Preservation  of  Iron  and  Steel.    New 

York,  1910. 
Bradley  Stouohton.    The  Metallurgy  of  Iron   and  Steel.    Second  Edition.    New 

York,  1911. 
E.  F.  Lake.    Composition  and  Heat  Treatment  of  Steel.    New  York,  1911. 
O.  M.  Becker.    High  Speed  Steel.     New  York,  1910. 
Metallurgical  and  Chemical  Engineering.    New  York  Monthly. 
Cecil  H.  Desch.     Metallography.    London,  1910. 
Paul  Goerens.    Introduction  to  Metallography.    Translated  by  Fred  Ibbotson, 

London,  1908. 


XX 

FERTILIZERS 

A.    (;.   STILLWELL 
Consulting  Chemist,  New  York  City 

Historical.  As  far  back  as  records  go,  the  value  of  animal  manures  has 
been  recognized  in  the  growing  of  crops.  Why  they  were  of  benefit  and 
what  relation  their  constituents  bear  to  those  of  plants,  are  matters  that 
have  only  been  worked  out  during  the  past  century.  The  earliest  record 
of  the  use  of  mineral  fertilizers  is  contained  in  a  paper  by  Sir  Kenelra 
Digby  and  printed  in  England  in  1669.  In  this  paper  the  use  of  salt- 
peter as  a  stimulant  to  plant  growi;h  is  advocated.  In  1804,  Theo.  de 
Saussure  pointed  out  the  significance  of  the  ash  of  plants,  and  showed 
that  without  it  plant  life  was  impossible.  Justus  von  Liebig  in  1840 
and  1842  was  really  the  first  practically  to  lay  dow^n  the  foundation  of 
present  fertilizer  practice.  By  the  middle  of  the  nineteenth  century  the 
importance  and  value  of  nitrogen,  phosphoric  acid,  and  potash  was 
pretty  well  known  and  it  is  from  this  time  that  the  real  growth,  both 
of  the  use  and  knowledge  of  commercial  fertilizers,  dates. 

Nitrogen  as  a  fertilizer  was  first  obtained  from  saltpeter  and  phos- 
phoric acid  was  first  derived  from  bones.  Later  nitrogen  was  obtained 
from  by-products  of  slaughter  houses  and  from  ammoniimi  sulphate, 
which  is  a  by-product  of  coke-oven  plants.  Phosphoric  acid  was  also 
obtained  from  petrified  bone  and  from  mineral  phosphate  beds  in  various 
parts  of  the  world.  The  main  source  of  potash  at  the  present  time  is 
from  the  mines  of  Stassfurt,  Germany. 

Fertilizer  Materials.  Broadly  speaking,  there  are  two  kinds  of 
fertilizer  materials:  those  which  are  in  themselves  a  direct  source  of 
plant  food,  and  those  which,  by  their  action,  tend  to  make  plant  food 
fertilizers  more  available.  While  crops  may  grow  wathout  the  use  of 
fertilizers  of  the  second  class,  no  crops  can  mature  without  fertilizers 
of  the  first  class. 

Fertilizers  of  the  second  class  comprise  lime,  gypsum,  and  common 
salt;  they  are  all  useful,  but  rarely  indispensable.  These  are  some- 
times called  "  stimulant  fertilizers."  They  tend  to  make  rapidly  avail- 
able the  stores  of  ammonia,  phosphoric  acid,  and  potash  naturally  present 
m  the  soil.     When  stimulant  fertilizers  are  used  exclusively  for  a  term 
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of  years,  the  soil  loses  amm6nia,  phosphoric  acid,  and  potash.  The 
inevitable  result  of  such  treatment  must  be  finally  the  exhaustion  of 
these  important  food  constituents  of  the  soil. 

True  fertilizers  contain  forms  of  plant  food  which  contribute  directly 
to  the  growth  and  substance  of  plants.  Such  materials  may  contain 
either  ammonia,  potash  or  phosphoric  acid  compounds,  or  all  three. 

Terms  Used  in  Analysis.  Fertilizer  dealers  and  experiment  station 
bulletins  treat  the  different  fonns  of  fertilizer  materials  separately,  and 
a  familiar  understanding  of  these  trade  names  is  important. 

Ammonia  is  expressed  either  as  nitrogen,  as  ammonia,  or  as  nitrogen 
"  equivalent  to  ammonia.^'  There  are  various  conditions  in  which  phos- 
phoric acid  may  be  expressed  such  as  reverted,  available,  insoluble,  total, 
and  phosphoric  acid  "  equivalent  to  bone  phosphate  of  lime."  ^  Potash  is 
expressed  as  potash,  as  potash  actual,  or  as  potash  equivalent  to  sulphate 
of  potassium  or  to  chloride  of  potassium. 

All  genuine  commercial  fertilizers  owe  their  value  to  the  kind,  quality, 
and  amount  of  nitrogen,  phosphoric  acid,  and  potash  they  contain. 
They  are  made  by  mixing  more  or  less  of  the  several  kinds  of  raw 
materials  furnishing  the  desired  ingredients,  and  to  these  may  be  added 
sulphuric  acid  to  render  the  phosphoric  acid  available  and  a  filler  to 
make  up  the  desired  formula. 

Nitrogen  (Ammonia).  Nitrogen  is  a  gas,  and  in  this  form  cannot 
be  used  in  fertilizers;  therefore,  whenever  we  speak  of  nitrogen  in  fer- 
tilizers we  do  not  mean  that  nitrogen  exists  in  them  as  free  nitrogen. 
The  nitrogen  in  fertilizers  is  always  combined  with  other  elements  and 
may  be  present  in  one  or  more  different  forms,  such  as  nitrate  of  soda, 
sulphate  of  ammonia,  or  in  the  form  of  organic  nitrogen  as  found  in 
animal  matter,  such  as  blood,  tankage,  guano,  or  in  vegetable  matter,  such 
as  cotton-seed  meal.  Chemical  analysis  according  to  official  methods  does 
not  really  attempt  to  differentiate  between  the  various  forms  other  than 
to  state  whether  or  not  the  nitrogen  in  them  is  available.  When,  there- 
fore, nitrogen  is  expressed  in  an  analysis  or  guarantee  as  ''  ammonia  "  it 
refers  to  the  entire  amount  of  nitrogen  present  calculated  as  ammonia 
without  regard  to  the  form  in  which  it  is  present.  Ammonia  consists 
of  nitrogen  combined  with  hydrogen  and  is  also  a  gas  and  does  not  exist 
in  fertilizers  as  such  but  in  combination  with  other  elements.  Nitrogen 
equivalent  to  ammonia  simply  means  that  the  total  nitrogen  content 
of  the  fertilizer  is  calculated  to  ammonia. 

Phosphoric  Acid.  This  as  used  in  fertilizers  does  not  exist  as  true 
phosphoric  acid,  but  as  various  salts  of  phosphoric  acid  and  lime. 
Soluble  phosphoric  acid  is  the  mono-calcium  phosphate  formed  during  the 
process  of  acidulating  phosphate  rock  or  bone.  Reverted  phosphoric  acid 
is  the  dicalcium  phosphate  which  is  also  formed  during  the  process  of 
acidulation  and  is  soluble  in  neutral  ammonium  citrate.     Available  phos- 

*  Phosphoric  acid  as  used  by  the  trade  is  not  H3PO4,  but  the  pentoxide  (PaOs). 
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phoric  acid  is  the  sum  of  the  soluble  and  reverted  fonns  and  is  the  total 
phosphoric  acid  in  a  condition  capable  of  being  absorbed  by  plants. 

Insoluble  phosphoric  acid  is  the  tricalcium  phosphate  as  it  exists  in 
phosphate  rock  and  bone  and  is  not  available  for  plant  food.  Total 
phosphoric  acid  is  the  total  amount  present  irrespective  of  the  form  in 
which  it  is  present.  It  is  the  sum  of  the  above  three  forms.  Phosphoric 
acid  equivalent  to  bone  phosphate  simply  means  the  total  phosphoric  acid 
calculated  as  the  tricalcium  phosphate. 

Phosphatic  Crude  Stock. 

Furnishing  insoluble  phosphoric  Fwrmshing  available  phosphoric 

add:  acid: 

Animal:  Animal: 

Bones  Dissolved  bone,  acid-fish-«crap. 

Mineral:  Mineral: 

Apatite,  phosphate  rock  from  Acid-phosphate   from  any  form 

Florida,  Tennessee,  of  blue,  of  mineral  phosphate, 
brown  and  white  colors. 
Thomas  Slag. 

Potash.  This  term  as  applied  to  fertilizers  always  means  the  oxide 
of  potassium.  It  is  not  found  as  such  in  fertilizers,  but  as  either 
chloride,  sulphate,  nitrate  or  carbonate  of  potassium,  or  as  organic 
potash. 

Potash  soluble  means  the  actual  K2O  soluble  in  water  and  is  the  only 
kind  considered  in  fertilizers. 

Crude  Stock  Furnishing  Potash.  Muriate  or  chloride,  kainit,  con- 
taining both  muriate  and  sulphate;  sulphate;  double  manure  salt;  the 
double  sulphate  of  potash  and  magnesia;  less  important  salts  are  car- 
nalite,  krugite,  sylvanite.  Carbonate  of  potash,  such  as  wood  ashes. 
As  organic  potash,  tobacco  stems  and  ashes,  cotton-seed  meal.  As 
nitrate,  potassium  nitrate. 

Geological  Definitions.  '  The  primitive  earths  are  four — clay,  sand 
lime,  and  magnesia.  Clay  is  called  by  geologists  alumina,  alumine,  or 
argillaceous  earth.  Sand  is  called  silex,  silica,  silicious  earth  or  earth 
of  flints.  Lime  as  it  exists  in  the  soil  is  commonly  called  calcareous 
earth.  The  term  calcareous  is  not  properly  applied  to  any  earth  unless 
it  will  effervesce  with  acids.  Each  of  these  earths  answers  a  determinate 
and  specific  purpose  in  the  economy  and  growth  of  plants,  and  the 
perfection  of  soil  lies  in  a  mixture  of  the  whole. 

Bases  of  the  soil  are:  the  primitive  earths  which  enter  into  its  com- 
position; vegetable  matter:  all  vegetable  substances  in  a  decaying  or  rot- 
ten state;  animal  matter:  all  animal  substances  in  a  putref)dng  state; 
organic  matter:  a  term  applicable  to  both  animal  and  vegetable  sub- 
stances in  a  putrefying  condition. 
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Vegetable  mould:  the  earthy  remains  of  vegetable  substances  which 
have  either  grown  and  decayed  in  the  soil  or  have  been  conveyed 
thither  in  the  progress  of  cultivation. 

Loam  is  a  combination  of  vegetable  mould  with  the  primitive  earths. 
Marl  is  a  substance  consisting  of  lime  with  a  small  portion  of  clay,  and 
sometimes  of  peat  with  a  marine  sand  and  animal  remains.  It  is  useful 
as  manure,  and  is  distinguished  by  shell  clay  and  stone  marl.    • 

Expression  of  Fonnulae.  One  often  sees  formulae  expressed  in  this 
manner,  4-8-2,  or  3-6-4.  It  means  that  nitrogen  comes  first,  phos- 
phoric acid  next,  and  potash  third,  hence  the  4-8-2  indicates  a  fertilizer 
containing  4  per  cent  of  nitrogen,  8  per  cent  of  phosphoric  acid,  and 
2  per  cent  potash.  These  figures  nmltipUed  by  20  give  for  each  ton 
80  lbs.  nitrogen,  160  lbs.  phosphoric  acid  and  40  lbs.  potash. 

Explanations  of  Market  Quotations;  how  to  Estimate  the  Value  of 
Fertilizers.  Phosphate  rock,  kainit,  bone,  fish-scrap,  tankage,  and 
some  other  articles  are  commonly  quoted  and  sold  by  the  ton.  The  seller 
usually  has  an  analysis  of  his  stock,  and  purchasers  often  control  this 
by  analysis  at  time  of  the  purchase. 

Acid  phosphate  is  usually  quoted  at  so  much  "per  unit"  of  available, 
that  is,  soluble  and  reverted  phosphoric  acid.  The  meaning  of  the  term 
unit  is  explained  below.  Tankage  is  usually  sold  with  a  quotation 
of  so  much  **per  unit  of  ammonia"  and  "  per  unit  of  bone  phosphate." 
The  amoimt  of  bone  phosphate  may  be  calculated  by  multiplying  the 
amount  of  phosphoric  acid  by  2.1850.  On  the  other  hand,  the  amount 
of  phosphoric  acid  is  calculated  from  the  bone  phosphate  by  multiplying 
the  latter  by  0.4576. 

Sulphate  of  ammonia,  nitrate  of  soda,  and  the  potash  salts  are  quoted 
and  sold  by  the  pound,  and  generally  their  wholesale  and  retail  prices 
do  not  differ  materially. 

Blood,  azotin,  and  concentrated  tankage  are  quoted  at  so  much 
"  per  unit  of  ammonia."  To  reduce  ammonia  to  nitrogen,  multiply 
the  per  cent  of  ammonia  by  0.8228;  to  make  the  reverse  calculation 
multiply  by  1.2154.  A  "  unit  of  ammonia "  is  1  per  cent,  or  20  lbs. 
per  ton.  To  illustrate:  if  a  lot  of  tankage  has  7  per  cent  of  nitrogen 
equivalent  to  8.50  per  cent  ammonia,  it  is  said  to  contain  Si  units 
of  ammonia,  and  if  quoted  at  $2.25  per  unit,  a  ton  of  it  will  cost  8j  times 
$2.25,  or  $19.13. 

Tankage  and  fish-scrap  are  sometimes  sold  at  a  price,  based  on 
analysis,  with  regard  to  both  the  nitrogen  and  phosphoric  acid  which 
the  product  in  question  contains.  For  example:  Tankage,  9-20  quoted 
at  $2.49  and  10  cents  per  unit,  means  that  a  given  lot  of  tankage  contains 
somewhere  in  the  neighborhood  of  9  per  cent  ammonia  and  20  per  cent 
bone  phosphate,  and  is  offered  at  $2.49  per  unit  of  ammonia  and 
10  cents  per  unit  of  bone  phosphate.  A  unit  of  ammonia,  20  lbs.  is 
equivalent  to  (20  times  0.8228)   16.46  lbs.  of  nitrogen  and  is  quoted  at 
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2.49 
$2.49.    One  pound  of  nitrogen,  therefore,  costs  t—z  equal  to  15.10  cents. 

A  unit  of  bone  phosphate,  20  lbs.,  is  equivalent  to  20  times  0.4576 
equal  to  9.15  lbs.  of  phosphoric  acid,  and  is  quoted  at  10  cents.     One 

pound  of  phosphoric  acid  therefore  costs  q-j^  equal  to  1  cent. 

Hence  it  appears  that  a  tankage  containing  9  per  cent  ammonia  and 
20  per  cent  of  bone  phosphate  and  quoted  at  $2.49  and  10  cents  per  unit, 
costs  for  nitrogen  15.1  cents  per  lb.  and  for  phosphoric  acid  1  cent  per  lb. 

The  cost  of  such  a  tankage  will  be  9  units  of  ammonia  at  $2.49  equal, 
to  $22.41  plus  20  units  of  bone  phosphate  at  10  cents  per  unit,  or  $2.00 
or  $24.41  per  ton. 

Soil.  Soils  are  generally  divided  into  three  groups:  clay,  loamy, 
and  sandy.  These  in  turn  are  subdivided  as  their  general  character- 
istics approach  each  other,  thus: 


Clay 


Loamy 


Sandy 


Heavy  clay 
Medium  clay 
.  Loamy  clay 
Clay  loam 
Ijoam 

Sandy  loam 
Loamy  sand 
Sand 


There  are  also  other  distinct  forms,  such  as  limestone,  peaty  and 
gravelly  soils,  but  those  given  above  best  serve  to  describe  the  general 
conditions  of  farming  lands.  It  is  needless  to  enter  into  the  details  of 
soil  formation  beyond  the  general  statement  that  clay  is  derived  from 
the  silicates  of  eruptive  rocks,  while  sand  is  formed  from  the  silica  of 
quartz.  The  former  due  to  a  chemical  decomposition,  the  latter  rather 
to  a  mechanical  subdivision.  These  two  extremes  have  the  following 
general  composition  as  regards  fertilizer  constituents. 


Clay  Soil. 
Per  cent. 

Sandy  Soil, 
Per  cent. 

Potash 

1.20 
0.15 
72.52 
9.70 
2.53 

0.17 

0.11 

81.01 

2.01 

0.42 

Phosphoric  acid 

Silica 

Alumina 

Linie 

i 

The  presence  of  vegetable  matter  mixed  with  the  soil  gives  that 
composition  known  as  loamy.  This  vegetable  matter  is  largely  humus, 
a  material  of  imdetermined  composition,  and  the  function  of  which  is 
still  a  subject  of  contention.  The  gradation  of  soils  from  heavy  clay 
to  sand  is  chiefly  marked,  by  the  varying  prox)ortions  of  clay  and  sand. 
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Using  the  given  classification,  the  variation  of  the  two  leading  principles 
is  approximately  as  follows: 


Clay,  Per  Cent. 


Sand,  Per  Cent. 


Heavy  clay . 
Medium  clay 
Loamy  clay . 
Clay  loam . . 

Loam 

Sandy  loam . 
Loamy  sand . 
Sand 


90 

10 

75 

20 

65 

35 

55 

45 

40 

60 

25 

75 

15 

85 

5 

95 

I 


Properties  of  Soils.  Before  considering  a  specific  fertilizer,  the 
agricultural  value  of  these  different  soils  must  be  reviewed.  The 
general  characteristics  of  a  clay  soil  are  fine  texture  and  cohesion 
of  the  particles.  It  absorbs  moisture  from  the  air  and  draws  it  from 
the  lower  soil  by  capillary  attraction,  and  retains  water  obstinately. 
If  worked  while  wet  it  becomes  hard  and  intractable.  A  sandy  soil 
has  little  adhesion  of  particles,  attracts  little  or  no  moisture  from  the 
air,  and  allows  water  to  percolate  through  it  readily,  thus  causing  loss 
of  fertilizing  elements  by  leaching.  It  absorbs  and  retains  heat  well 
and  is  dry  and  warm,  easily  worked  and  will  not  bake.  Its  power  of 
drawing  moisture  from  below  is  about  two-thirds  that  of  clay.  Soils 
intermediate  between  sand  and  clay  take,  in  a  modified  way,  the  main 
features  of  both. 

For  purposes  of  agriculture  the  circulation  of  moisture  in  the  soil 
and  the  temperature  are  of  greatest  importance.  A  soil  having  clay 
as  its  predominant  constituent  holds  its  water  almost  stationary,  and 
when  subjected  to  evaporation,  through  heat  or  drying  winds,  bakes 
badly.  The  soil  water  contains  fine  particles  of  clay  in  suspension  and 
these  are  drawn  to  the  surface  and  deposited  by  the  evaporation  of 
the  water,  thus  forming  an  upper  layer  no  longer  porous.  Evaporation 
ceases.  The  soil  moisture,  only  a  few  inches  below  the  surface,  remains 
quiescent,  and  the  closely  packed  upper  layer  also  excludes  heat  and  gases, 
the  soil  becomes  cold,  and  those  chemical  processes  necessary  for  the 
preparation  of  plant  food  in  an  assimilable  form  cease. 

The  best  known  remedy  is  applications  of  lime  which  throw  down 
the  suspended  clay  in  the  form  of  small  granules,  thus  opening  the  pores 
of  the  soil  and  enabling  a  free  circulation  of  water  and  the  admission 
and  action  of  gases  and  sunlight.  With  sandy  soils  evaporation  does 
not  bake  and  the  movement  of  the  soil  waters  is  accelerated,  but  there 
is  danger  of  exhausting  the  supply  as  the  power  of  capillary  attrac- 
tion in  this  case  does  not  greatly  exceed  a  depth  of  20  inches.  These 
soils  give  free  play  to  the  action  of  gases  and  sunlight  and  main- 
tain a  temperature  favorable  to  vegetation.    Excessive  evaporation  is 


378  INDUSTRIAL  CHEMISTRY 

prevented  by  thorough  tilling;  a  surface  layer  of  finely  pulverized  earth 
a  few  inches  deep  arrests  evaporation  while  it  still  maintains  a  fair 
degree  of  soil  porosity  and  consequently  the  admission  of  gases  and 
sunlight  is  not  retarded.  The  action  of  chemical  fertilizer  is  more  prompt 
with  sandy  than  with  clay  soils.  Sandy  soils  however  must  be  kept 
at  work  so  to  speak.  They  lose  fertilizer  elements  rapidly  through 
leaching  if  not  protected  by  vegetation.  As  to  temperature,  a  dark- 
colored  soil,  other  conditions  being  equal,  is  usually  warmer  than  one 
of  lighter  color;  a  soil  having  its  percentage  of  sand  high  will  rise  in 
temperature  slowly  but  will  retain  the  heat  longer  than  either  loam  or 
a  clay  soil;  a  wet  (clay)  soil  is  uniformly  a  cold  soil. 

Function  of  Soil  Moisture.  Evaporation  of  soil  moisture  cools  the 
soil  as  the  heat  necessary  to  vaporize  the  water  is  drawn  from  the  land. 
Evaporation,  however,  draws  the  moisture  from  below  for  very  consid- 
erable depths  and  the  fertilizing  matters  suspended  or  in  solution  are 
brought  by  this  process  within  reach  of  the  roots.  To  quote  from  the 
Wisconsin  experiments:  "  Soil  water  is  constantly  in  motion.  When 
rain  falls  the  moisture  sinks  into  the  soil  carrying  along  with  it  oxygen, 
carbonic  acid,  nitric  acid,  ammonia,  etc.,  and  rendering  plant  food 
available,  a  part  of  which  may  be  lost  in  the  drainage  if  the  rainfall  is 
excessive.  When  the  rainfall  ceases  evaporation  commences  and  the 
soil  water  begins  to  rise  carrying  along  with  it  dissolved  plant  food 
which  accumulates  in  the  surface  soil.  This  power  which  soils  have 
of  drawing  up  water  from  their  lower  depths  is  known  as  capillary  attrac- 
tion and  may  extend  down  6  or  7  feet." 

Some  idea  of  the  immense  amount  of  soil  water  thus  brought  to  the 
surface  may  be  gained  from  the  fact  that  with  the  average  soil,  clay 
loam  under  cultivation,  660  lbs.  of  water  per  square  foot  is  evaporated 
yearly,  that  is,  28,750,000  lbs.  per  acre.  Computing  from  the  average 
analysis  of  soil  waters,  this  quantity  of  evaporation  would  bring  to  the 
surface  soil  about  14  lbs.  of  ammonia  and  57  lbs.  of  potash;  the  phos- 
phoric acid  does  not  appreciably  enter  into  soil  solution. 

It  must  be  understood  that  these  fertilizing  elements  are  not  gained, 
they  keep  constantly  in  circulation;  at  night  they  sink  only  to  rise 
again  when  the  evaporation  commences  with  the  succeeding  sunrise. 
By  this  circulating  system  the  fertilizing  elements  are  brought  within 
reach  of  the  plant  roots  and  are  utilized;  were  it  suspended,  the  appli- 
cation of  manures  would  have  to  be  increased  many  fold,  as  the  quantity 
of  the  nutrients  in  the  immediate  vicinity  of  the  plant  itself  would  have 
to  supply  all  its  requirements;  and  as  the  roots  of  a  plant  in  ordinary 
farming  practice  occupy  probably  less  than  5  per  cent  of  the  total 
space,  it  follows  that  the  efficiency  of  one  ton  of  fertilizer,  as  at  present, 
would  require  an  application  of  20  tons  to  accomplish  the  same  results 
with  suspended  circulation  of  soil  waters.  This  is  why  conmiercial 
fertilizers   contain   a   disproportionate   quantity   of   phosphoric   acid   as 
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compared  with  potash  and  ammonia;  the  phosphates,  to  a  great  extent, 
take  inunediately  in  the  soil  an  insoluble  form  and  are  rendered  available 
as  plant  food  only  by  the  actual  contact  of  the  plant  root  hairs. 

Action  of  Carbonic  Acid  on  Soils  and  Rocks.  All  fertile  soils  contain 
a  considerable  amount  of  organic  matter,  and  the  presence  of  oxygen  is 
necessary  to  accomplish  its  decomposition.  Soils  also  contain  innumerable 
bacteria,  a  part  of  which  at  least,  are  intimately  concerned  in  the  decay 
of  organic  matter  and  cannot  live  without  oxygen. 

One  class  of  these  bacteria  decompose  part  of  the  soil's  organic  matter 
with  the  formation  of  carbonic  acid  gas.  Water  dissolves  its  own  volume 
of  carbonic  acid  gas  under  ordinary  pressure,  forming  a  solution  of 
carbonic  acid,  C02+H20  =  H2C03.  With  increased  pressure  a  much 
greater  amount  is  dissolved.  When  water  is  so  charged  it  has  a  high 
solvent  power  for  the  carbonates  of  lime  and  magnesia,  protoxide  of 
iron  and  manganese.  These  salts  are  nearly  insoluble  in  pure  water. 
In  this  way  carbonic  acid  plays  a  part  of  great  importance  in  the  growth 
of  plants,  since  it  enables  water  to  convey  to  plants  many  fertilizing 
substances  which  arc  otherwise  hardly  available. 

It  is  interesting  to  note  here  that  the  leaves  of  plants  are  white,  in  the 
absence  of  iron,  and  not  green.  By  means  of  the  microscope,  the  chlorophyl 
grains  have  been  seen  to  grow  and  continue  to  prosper,  as  soon  as  a  little 
iron  was  furnished  to  plants  that  had  previously  been  without  it. 

Humus.  Humus  is  a  generic  term  applied  to  a  group  of  closely  allied 
substances,  which  collectively  form  the  organic  matter  of  soil.  It  cannot 
be  said  that  the  precise  chemical  composition  of  humus  is  known, 
though  a  great  deal  of  labor  has  been  devoted  by  chemists  to  the  study 
of  the  compounds,  and  several  tolerably  well  defined  chemical  con- 
stituents are  thought  to  have  been  isolated.  The  more  clearly  under- 
stood of  these  constituents  are  ulmin  and  ulmic  acid,  humin  and  humic 
acid,  crenic  acid,  and  apocrenic  acid.  Among  the  less  known,  the  action 
of  which  is  not  yet  understood,  are  xylic  acid,  saccharic  acid  and 
glucinic  acid,  besides  a  brown  humus  acid  containing  carbon,  65.8  per 
cent;  hydrogen,  6.25  per  cent;  and  a  black  humus  acid  containing 
carbon,  71.5  per  cent;  hydrogen,  5.8  per  cent. 

According  to  Mulder,  the  principal  humus  compounds  are  composed 
of  carbon,  hydrogen,  and  oxygen,  in  proportions  as  given  in  the 
following  table: 

Ulmin  and  Ulmic  acid 

Carbon 67.10  per  cent,  corresponding  to  C40H28O12  — H2O 

Hydrogen.  .  .  .   4.20 

Oxygen 28.7 

HuMIN   AND   HuMIC   AciD 

Carbon 64.4    per  cent,  corresponding  to  C40H24O12  — 3H2O 

Hydrogen.  .  .  .   4.30 
Oxygen 31.30 


380  INDUSTRIAL  CHEMISTRY 

Apocrenic  Acid 

Carbon 56.47  per  cent,  corresponding  to  C24H24O12— H2O 

Hydrogen.  .  .  .  2.75 

Oxygen 40.78 

Crenic  Acid 

Carbon 45.70  per  cent,  corresponding  to  C24H24O12  — 3H2O 

Hydrogen.  .  .  .   4.80 
Oxygen 49.50 

Materials  Furnishing  Nitrogen ;  Guano.  On  the  coast  of  Peru,  lie  the 
Chincha  Islands.  These  islands  and  the  mainland  opposite  are  in  the  dry 
zone  of  Peru  in  which  rain  seldom  falls.  They  are  small,  high  and  rocky, 
barren  and  uninviting;  yet  from  them  has  come  vast  wealth.  Guano  to 
the  value  of  one  thousand  million  dollars  has  been  taken  from  the  Chincha 
Islands.  It  is  doubtful  if  there  be  another  spot  of  equal  size  on  the  earth 
which  has  yielded  so  much  wealth  as  these  guano  beds.  These  islands, 
however,  are  not  the  only  source  of  Peruvian  guano,  as  the  Macabi, 
Guanape,  the  Lobos,  Ballestas,  and  the  Huanillos,  as  well  as  scores  of 
small  islands  have  also  furnished  large  quantities. 

The  word  guano  is  the  Spanish  rendering  of  the  Peruvian  word 
huanUy  meaning  excrement.  There  are  many  varieties  of  Peruvian  guano 
having  different  fertilizing  values  due  to  their  different  chemical  con- 
stituents, but  they  all  are  alike  in  their  origin.  Guano  is  mainly  the 
excrement  of  marine  birds  mixed  with  the  remains  of  the  birds  themselves 
and  the  fish  they  have  brought  to  land.  In  some  cases  on  the  Chincha 
Islands  the  deposits  are  from  160  to  180  ft.  thick.  The  lower  strata 
of  such  deposits  may  be  thousands  of  years  old. 

Nowhere  else  in  the  world  are  marine  birds  found  in  such  vast  quantities 
as  along  the  west  coast  of  South  America  from  Panama  south  to  Chile.  The 
larger  number  of  these  birds  have  their  roosts  and  breeding  places  on  the 
Peruvian  Islands,  or  on  points  of  the  mainland.  Their  presence  in  such 
vast  numbers  is  due  to  the  quantity  of  fish  found  along  these  coasts. 

Cormorants,  pelicans,  sea  gulls,  marine  crows,  in  flocks  niunbering 
hundreds  of  thousands  may  be  seen  in  these  regions,  while  the  rainless 
climate  preserves  the  guano  deposited.  There  are  hundreds  of  bird  islands 
in  other  parts  of  the  world  but  the  excrement  and  remains  of  birds 
found  thereon  are  not  the  same  as  Peruvian  guano,  although  the  deposits 
may  possess  value  for  fertilizing  purposes.  Even  with  the  Peruvian 
guano,  analysis  shows  great  differences. 

All  excrements  contain  nitrogen  in  the  form  of  urates  and  salts  of 
ammonia^  but  these  are  to  a  large  extent  lost  unless  the  manure  is  at 
once  applied  to  the  land  and  even  then  the  nitrogen  may  be  washed 
out  before  it  can  become  available  for  the  plant.  When  left  exposed 
to  a  humid  atmosphere  or  when  rain  is  allowed  to  fall  on  it  the  nitrogen 
salts  are  quickly  leached  out.  The  Peruvian  guano,  in  its  natural  state, 
never  having  been  exposed  to  rain  or  dampness,  has  retained  its  nitrog- 
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enous  properties  and  as  it  is  rich  in  all  three  elements  of  plant  food  it 
is  mere  valuable  than  other  guanos. 

Guano  has  been  used  in  Peru  for  centuries.  As  early  as  1806  it  was 
used  in  England,  and  in  1824,  fifty  vessels  loaded  annually  at  Chincha. 
It  was  used  in  the  United  States  as  early  as  1832.  Baron  Humboldt 
in  1804  was  the  first  to  make  the  article  known  to  Europeans,  its  com- 
mercial imp)ortance  there  dating  from  1844.  As  before  stated,  the 
Chincha  Islands  were  the  first  exploited.  Nine  million  tons  were  extracted 
in  ten  years.  Other  deposits  were  developed  in  1870.  The  Ballesta, 
Macabi,  and  Guanape  Islands  yielded  1,500,000  tons.  Next  the  Lobos 
Islands  were  worked  as  well  as  the  enormous  dep)osits  of  the  Province 
of  Tarapaca  on  the  south  coast  of  Peru. 

In  reviewing  this  subject,  L'Engrais  of  Paris  estimates  that  in  forty 
years  over  18,500,000  tons  were  taken  from  these  localities  or  about 
440,000  tons  annually. 

As  the  penguins  and  pelicans  are  very  voracious  each  bird  is  cap- 
able of  furnishing  on  an  average,  about  32  gms.  of  excrement  per  night. 
It  is  estimated  that  100  kgms.  of  guano,  containing  14  per  cent  of 
nitrogen  and  10  per  cent  of  phosphoric  acid,  require  the  consump- 
tion of  600  kgms.  of  fish  containing  2.3  per  cent  nitrogen  and  1.7  per 
cent  phosphoric  acid.  An  annual  dep)osit  of  40,000  tons  is,  therefore, 
the  digestive  product  of  3,420,000  pelicans.  It  is  reported  that  while 
the  old  beds  have  been  considerably  reduced  there  are  layers  30  ft.  thick 
which  have  not  been  touched  and  which  are  still  forming. 

The  Caribbean  deposits  are  much  lower  in  nitrogen  than  the  Peruvian, 
but  they  run  ver>'  high  in  phosphoric  acid.  In  these  much  of  the  nitrogen 
has  been  leached  out  by  the  action  of  rain.  The  deposits  found  on  the  islands 
of  Sombrero,  Navassa,  Aruba,  Curacoa,  Orchillas,  Roncador,  and  the  Pedro 
and  Morant  keys  are  similar  to  those  found  on  the  Caribbean  coast. 

The  following  table  shows  analyses  made  by  the  author  on  various 
grades  and  kinds  of  guano: 


Ammonia. 


Navassa  (first  cargo,  1856) 

Brazilian 

White  Mexican  (1858) .  .  . . 

Peruvian  standard 

Peruvian  (Lobos) 

Peruvian  (Chincha) 

Grand  Caymans  Islandi$ . . 

Mona  Island 

Aves  Island 

Cay  Verde  (light) 

Cay  Verde  (dark) 

Orchilla  Islands  (soft ) .  .  .  . 

Booby  Island 

Oruba 

Avalo 


None 
None 
None 
10.20 

5.60 
12.70 
None 
None 
None 

0.80 

0.60 
None 

1.30 
None 
None 


Phosphoric  Acid. 


31.75 
27.82 
25.88 
12.14 
14.95 
17.80 
25.16 
24.21 
18.92 
29.85 
29.90 
20.60 
10.54 
34 .  65 
30.50 


Bono  Phosphate. 


69.31 
60.73 
56.60 
26.50 
32.64 
38.85 
54.92 
52.85 
41.30 
65.16 
65.27 
44.97 
23.00 
75.64 
66.58 
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The  guano  is  taken  out  by  shovel  and  pick.  As  the  coasts  are  rough 
and  few  harbors  exist,  loading  of  steamers  can  be  done  in  calm  weather 
only.  The  water  is  very  deep  and  large  steamers  can  anchor  close  to 
the  shore  so  that  most  of  the  guano  can  be  loaded  directly  into  the 
steamer  from  the  shore  by  means  of  cable  trams.  In  some  cases,  it 
has  to  be  taken  to  the  steamer  in  boats. 

Calcium  Cyanimid.  This  is  a  product  derived  by  heating  calcium 
carbide  in  an  atmosphere  of  nitrogen.  The  reactions  are  intricate,  but 
may  be  represented  by  the  following  equation:  CaC2+N2  =  CaCN2+C. 
The  technical  procedure  is  simple,  but  care  must  be  taken  in  carrying  out 
the  details.  The  nitrogen  must  be  technically  pure  and  the  complete 
nitrification  of  the  carbide,  necessarj'^  to  produce  a  high  grade  product, 
is  dependent  upon  progressive  and  cumulative  reactions,  which  once 
started  may  not  be  checked  or  diverted  at  any  stage  except  at  the  cost 
of  the  quality  of  the  final  product. 

The  following  is  a  typical  raw  cyanimid  proximate: 

Calciuiti  carbide 0 .  51% 

Calcium  cyanimid 68 .  02 

Calcium  carbonate 0 .  35 

Calcium  oxide 12 .  39 

Free  carbon 13.79 

Silicon  carbide 1 .  17 

Alimiinum  carbide 1 .  67 

Iron  carbide 1 .  53 

Not  determined 0.57 

Total  nitrogen 23.81% 

Total  calcium  as  CaO 60.65 

When  freshly  made  cyanimid  is  a  rich  black  crystalline  substance 
Upon  exposure  to  moist  air  the  calcium  oxide  present  hydrates,  not  only 
adding  weight  to  the  material,  but  also  increasing  its  volume.  It  was 
at  first  stated  that  a  loss  of  nitrogen  occurred  but  this  is  not  true. 
While  the  characteristic  odor  of  ammonia  is  noted,  careful  check  tests 
taken  at  various  times  have  failed  to  show  appreciable  loss  of  nitrogen. 
For  commercial  uses,  this  hydration  of  the  free  lime  accompanied  by 
increase  in  volume  is  undesirable. 

Small  quantities  of  carbides,  phosphides,  and  sulphides  are  frequently 
present  in  raw  cyanimid,  which  are  undesirable  for  many  of  the  uses 
of  cyanimide  and  notably  so  for  its  use  as  a  fertilizer.  When  applied 
to  the  soil  these  materials  form,  after  decomposition,  acetylene,  phos- 
phine,  and  sulphuretted  hydrogen.  All  of  these  gases  are  distinctly 
poisonous  to  vegetation  and  particularly  so  to  seedlets  at  or  during  the 
period  of  germination.  When  cyanimid  was  first  distributed  to  experi- 
mental agriculturists,  it  frequently  contained  as  much  as  8  to  10  per  cent 
of  these  substances.    Consequently  the  records  of  experimental  research 
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show  many  instances  of  poisonous  action  which  were  naturally  charged 
against  the  cyanimid  itself. 

To  prepare  adequately  the  raw  cyanimid  for  incorporation  into 
fertilizers  several  processes  have  been  developed  and  much  costly 
machinery  designed.  The  object  of  such  processes  being  simply  to  hydrate 
all  the  caustic  lime  and  to  dislodge  and  expel  as  a  gas  all  the  substances 
in  the  raw  cyanimid  which  will  produce  acetylene,  phosphine,  and 
hydrogen  sulphide. 

The  finished  product  sold  under  the  name  of  Improved  Cyanimid 
has  the  following  composition.  (This  product  is  complementary  to  the 
analysis  of  the  raw  cyanimid  given  above.) 

Calcium  cyanimid 29.26% 

Calcium  carbonat 0.21 

Calcium  nitrate 20.06 

Calcium  hydrate 28.78 

Sodiiun  cyanimid 10.38 

Free  carbon 7.89 

Silica 1.03 

Alumina 1 .  37 

Ferric  oxide 0.69 

Not  determined 0. 33 

Total  nitrogen 17.01% 

Total  calcium  (CaO) 34.73 

Nitrate  nitrogen 3 .  39 

Cyanimid  nitrogen 13.62 

Some  20  per  cent  of  the  total  ammonia  in  improved  cyanimid  is 
present  as  nitrate,  the  remaining  80  per  cent  being  present  as  cyanimide. 

The  combined  nitrogen  of  cyanimid  does  not  exist  as  ammonia  in 
the  material  as  marketed,  but  as  an  amide.  Thus  instead  of  being 
combined  with  three  hydrogen  atoms  it  is  joined  to  two.  In  the  presence 
of  acids  or  of  water  cyanimid  nitrogen  slowly  changes  to  the  ammonia 
form. 

For  con^parison  the  following  two  equations  are  given  as  being 
typical  of  the  change  in  ammonium  sulphate  and  calcium  cyanimid  due 
to  action  of  the  soil. 

(NH4)2S04+Ca(OH)2  =  CaS04+2H20+2NH3 
CaCNa +3H2O  =  CaCOa +2NH3 

These  two  reactions  may  be  effected  by  acid  or  basic  salts.  The  results 
are  the  same,  however,  and  the  final  product  by  the  action  of  simple  soil 
agencies  in  both  cases  is  ammonia.  Consequently,  as  a  fertilizer,  cyanimid 
nitrogen  must  be  classed  as  ammonia  nitrogen.  It  is  true  that  cyanimid 
may  pass  into  solution  in  an  acid  soil  as  urea,  thus: 

CaCN2+2H20  =  CaO+CO(NH2)2. 
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Urea,  however,  in  dilute  solutions,  slowly  changes  to  ammonia  (unless 
combined  with  a  strong  acid),  as  follows: 

CO(NH2)2+H20  =  C02+2NH3. 

The  soil  contains  far  more  water  than  lime,  in  the  form  of  a  soluble 
compound,  and  lime  must  be  in  solution  to  displace  ammonia  from 
sulphate  of  ammonia.  Under  ordinary  soil  conditions  cyanimid  nitrogen 
is  quite  as  rapidly  converted  into  ammoniacal  solutions  as  is  sulphate 
of  ammonia. 

Calcium  cyanimid  is  moderately  soluble  in  cold  water  or  water  at 
ordinary  soil  temperatures.  Its  availability  as  a  fertilizer  as  technically 
determined,  is  about  the  same  as  that  of  sulphate  of  ammonia  and  much 
greater  than  that  of  dried  blood.  It  is  doubtful,  however,  if  in  its 
actual  crop-making  power,  in  an  average  of  all  soils  and  under  all  conditions, 
it  is  more  valuable  than  dried  blood,  or  less  valuable  than  ammonium 
sulphate.  Under  working  soil  conditions,  in  actual  crop-making  oper- 
ations, relative  availability  is  probably  of  less  moment  than  int<?lligent 
application  and  thorough  husbandry. 

The  latest  technical  observation  upon  the  use  of  cyanimid  in  agri- 
culture is  the  report  of  Prof.  Jacometti  of  the  Agricultural  Academy, 
Turin,  Italy,  as  follows:  "Both  calcium  cyanimid  and  Norge  nitrate 
have  a  fertilizing  value  about  equal  to  that  of  sulphate  of  ammonia  and 
nitrate  of  soda." 

The  following  table  is  given  as  showing  the  relative  fertilizing  worth 
of  different  forms  of  ammonia  in  production  of  sugar  cane. 


Cane. 


Sugar  Made, 
Relative  Tons. 


Ammonia,  Cost 
per  Ton  of  SuKar. 


Cyanimid 

Nitrate  of  soda 

Sulphate  of  ammonia 
Tankage 


1.00 
0.73 
0.66 
0.73 


$2.61 
3.22 
3.41 
3.93 


Ammonia,  Worth 
per  Unit. 


$2.65 
1.94 
I .  /  <) 
1.93 


Dry  Fish  Scrap.  The  menhaden  (Brevoortia  tyrannus)  belongs  to 
the  family  Clupeidae  and  has  many  local  names.  On  the  Maine  coast 
it  is  called  pogy,  bony  fish,  moss-bunker;  in  Massachusetts,  hardhead 
bunker;  in  Delaware,  bug  fish,  in  addition  to  those  already  given;  on 
the  Virginia  coast,  old  wife,  cheboy,  ellfish,  bug  fish,  green  tail,  and 
bughead;  in  North  Carolina,  fat-back  and  yellow-tail  shad. 

When  full  grown  the  fish  weighs  from  10  ounces  to  IJ  lbs.  and  meas- 
ures from  12  to  15  ins.  in  length.  They  are  found  in  immense  schools 
on  the  American  North  Atlantic  coast  from  the  Bay  of  Fundy  to  the 
Mosquito  Inlet,  Florida.     Its  usual  habitat  is  the  baj's  and  rivers,  some- 

'  From  an  article  prepared  for  the  American  Fertilizer  in  the  office  of  the  Technol- 
ogist of  the  American  Cyanimid  Cn. 
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times  as  far  as  the  brackish  water  extends,  and  ocean-ward  as  far  as  to 
the  Gulf  Stream.  On  the  approach  of  warm  weather  the  schools  begin 
to  appear  and  remain  until  cold  weather.  Approximately  a  temperature 
from  60  to  70®  F.  appears  favorable.  In  the  Chesapeake  Bay  the  season 
extends  from  March  and  April  to  November  and  December.  The  New 
Jersey  fishing  season  begins  about  May  1st  and  ends  about  the  middle 
of  November.  The  habit  of  the  fish  is  to  congregate  in  very  large 
schools  and  then  swim  along  close  to  the  surface  of  the  water,  packed 
closely  side  by  side  and  tier  on  tier.  As  many  as  450,000  tons  of  these 
fish  have  been  taken  in  a  single  season. 

As  soon  as  the  fish  appear,  steam  and  sailing  vessels  start  out  from 
the  numerous  factories  along  the  coast  and  remain  in  commission  until 
the  fish  have  disappeared  in  the  fall.  In  the  spring  the  northern 
factories  send  their  steamers  south  and  they  follow  the  fish  north.  In 
the  fall  they  follow  them  south  again  until  they  get  beyond  the  point 
where  it  is  economical  to  fish  for  them.  The  average  steamers  are  of 
about  80  tons  burden  and  usually  about  90  ft.  long;  such  a  vessel 
will  take  a  cargo  of  from  250,000  to  300,000  fish.  The  crew  consists 
of  about  17  men.  Larger  steamers  are  used  by  some  of  the  factories  and 
in  such  cases  two  seines  are  carried.  These  steamers  will  hold  from  900,000 
to  1,200,000  fish  and  have  crews  of  24  men. 

When  a  school  of  fish  is  sighted,  the  steamer  gets  as  close  as  possible 
without  scaring  the  fish  and  then  lowers  the  two  seine  boats  of  whale 
boat  pattern.  The  seine  is  a  net  from  750  to  1800  ft.  long  and  75  to  150 
ft.  deep  with  the  usual  fitting  of  cork  and  sinkers,  and  so  arranged  that 
the  bottom  may  be  drawn  together,  thus  making  a  purse  in  which  the 
fish  are  held.  The  two  boats,  each  carrying  an  equal  amount  of  the  ret, 
start  in  opposite  directions  around  the  school  and  when  they  have  met, 
start  pulling  in  the  purse  string.  When  the  bottom  is  closed  the  steamer 
comes  up  and  the  fish  are  scooped  from  the  net  by  means  of  large 
scoops  worked  by  a  derrick  on  the  steamer. 

When  a  steamer  has  a  load  it  returns  to  the  factory,  as  the  fish,  if 
kept  too  long,  soon  turn  soft  and  are  then  very  difficult  to  handle. 

On  reaching  the  factory,  the  fish  are  unloaded  by  being  shoveled 
into  a  traveling  conveyor  which  takes  them  to  a  belt  which  carries  them 
into  the  store  shed.  From  here  they  are  carried  to  a  continuous  steam 
cooker,  Fig.  211,  where  the  oil  cells  are  broken  and  the  fish  bodies  broken  up. 
This  requires  but  a  few  minutes,  when  the  fish  are  run  into  screw  presses 
Fig.  210.  On  leaving  the  cookers  they  contain  about  75  per  cent  of  water. 
The  screw  presses  can  press  the  fish  down  to  about  45  to  50  per  cent 
of  water.     Most  of  the  oil  is  here  liberated. 

The  water  and  oil  are  run  into  large  settling  tanks  and  the  oil  which 
rises  to  the  top  is  taken  off. 

The  fish  from  the  presses  then  go  to  direct.-heat  or  steam  heated 
cylindrical  drjers.  Fig.  212.     They  are  dropped  into  the  hot  end  of  the  dryer 
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where  the  flame  from  either  soft  coal  or  oil  is  pouring  in.  The  water 
in  the  scrap  prevents  the  burning  of  the  fish  as  it  immediately  takes 
up  the  heat.  The  scrap  falls  to  the  bottom  of  the  dryer  and  is  carried 
around  as  it  revolves  and  showered  down  through  the  hot  gases.  On 
reaching  the  end  of  the  drj^er  it  is  cool  enough  to  handle  and  contains 
about  8  per  cent  water.  It  is  now  picked  up  by  a  traveling  belt  and 
run  to  the  storehouse  where  it  is  bagged  ready  for  shipment.  Great 
care  must  be  taken  in  the  storeroom,  on  account  of  the  combustible 
nature  of  this  material,  owing  to  the  presence  of  the  oil  left  in  it.  It 
heats  very  rapidly  if  left  in  large  piles  and  must  be  cooled  by  turning  over. 

The  capacity  of  a  factory  is  usually  calculated  as  the  number  of 
barrels  per  day  of  fish  that  it  can  handle.  One  barrel  contains  300  fish. 
A  large  and  well  equipped  factory  will  handle  700  barrels  of  fish  per 
hour,  turning  same  out  as  wet  acid  scrap,  or  if  the  dryer  capacity  is 
equal  to  the  cooking  and  pressing  capacity  as  dry  scrap. 

To  produce  one  ton  of  dr>'  scrap  requires  an  average  of  50  barrels 
of  fish,  while  to  make  one  ton  of  acid  scrap  (wet)  requires  30  barrels  of 
fish.  In  a  good  season  about  3  gallons  of  oil  per  barrel  of  fish  is 
recovered. 

Wet  Acid  Scrap.  Where  the  plant  does  not  have  enough  dryer 
capacity  to  take  care  of  the  catch,  the  excess  is  made  into  wet  acid  scrap. 
The  fish  scrap  from  the  presses  is  acidulated  with  from  60  to  80  lbs.  60** 
B^.  sulphuric  acid  to  the  ton  of  wet  scrap.  This  converts  some  of 
the  bone  phosphate  into  the  available  form  and  at  the  same  time  pre- 
serves the  scrap  from  decomposition.  Good  acid  scrap  that  has  not 
lain  long  in  piles  will  analyze  on  50  per  cent  water  basis  as  high  as 
7.50  to  7.75  per  cent  ammonia. 

In  many  small  factories  instead  of  screw  presses,  hydraulic  presses 
are  used  and  the  wet  scrap  is  dried  in  the  open  air  on  large  wooden 
drying  floors. 

The  scrap  must  be  turned  over  frequently  and  this  is  done  by  the 
use  of  harrows  drawn  by  a  horse.  It  has  then  to  be  piled,  left  to  heat 
to  some  extent,  again  spread  and  turned.  If  the  scrap  is  wet  by  a 
storm,  the  process  has  to  be  repeated.  Dry  scrap  will  run  about  10  per 
cent  water  and  10.50  to  11.50  per  cent  ammonia,  and  will  still  carry 
8  to  12  per  cent  oil. 

Bat  Guano.  Deposits  of  this  material  are  not  of  very  great  extent, 
consequently  its  importance  as  a  fertilizer  is  small.  It  is  used  in  localities 
where  it  is  found.  It  is  of  very  variable  composition  and  by  many  is 
not  considered  of  much  value.  The  price  paid  for  the  ammonia  content 
is  not  on  a  par  with  other  sources  of  ammonia. 

Horn  and  Hoof  Meal.  The  horn  and  hoofs  not  available  for  more 
valuable  purposes  are  slightly  cooked  until  they  become  friable  and  are 
then  ground  to  a  fine  powder  for  use.  They  run  from  4  to  6  per  cent 
water  and  15  to  17  per  cent  ammonia. 
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Hair  Stock.  Most  long  hair  is  used  for  other  purposes  than  fer- 
tilizers, but  large  numbers  of  South  American  hides  are  imported  for 
making  leather  and  the  short  hair  from  these  hides  after  being  removed 
by  the  sweating  process  in  tanneries  is  utilized  as  a  source  of  ammonia 
for  fertilizer  manufacture.  The  ammonia  of  the  hair  without  treat- 
ment is  not  available  for  plant  food,  but  during  the  process  of  making 
acid  phosphate  the  hair  is  subjected  to  the  hydrofluoric  acid  fumes  given 
off  when  the  phosphate  rock  is  treated  with  sulphuric  acid  and  becomes 
decomposed;  the  sulphuric  acid  then  unites  with  it  and  forms  ammonium 
sulphate,  thus  furnishing  available  ammonia. 

Leather  Scrap.  This  is  treated  the  same  as  hair  stock  in  most  cases, 
though  in  some  cases  it  is  dried  till  it  is  brittle  and  then  ground  into 
**  leather  meal." 

Many  states  have  laws  against  the  use  of  either  hair  or  leather  as 
fertilizers. 

Cotton-seed  Meal.  The  products  obtained  from  the  cotton  seed 
are  lint,  oil,  hulls,  and  meal.  The  meal  only  is  used  in  the  manufacture 
of  fertilizers. 

Cotton-seed  meal  is  obtained  by  grinding  the  cake  which  is  left 
when  the  oil  is  pressed  out.  Its  chief  uses  are  as  a  cattle  food  and 
as  fertilizer.  The  meal  damaged  by  over  heating  can  be  used  only 
for  fertilizer  purposes. 

The  average  amount  of  meal,  hulls,  lint,  and  oil  per  ton  of  seed  is 
as  follows: 

Meal 713  lbs. 

Oil 282    " 

Lmt 30    " 

Hulls 975    '' 

Fertilizing  Value  of  Cotton-seed  Meal.  The  plant  food  in  cotton- 
seed meal  is  chiefly  nitrogen,  so  that  its  fertilizing  value  depends  upon 
the  quantity  of  nitrogen  present.  It  contains,  however,  an  appreciable 
amount  of  phosphoric  acid  and  potash.  The  average  of  204  analyses 
i:^  as  follows: 

Nitrogen 6.79% 

Phosphoric  acid 2 .  88 

Potash 1.77 

The  trade  value  for  these  constituents  is  variable  but  taken  at, 
nitrogen,  13  cents,  phosphoric  acid,  7  cents  and  potash  6  cents,  the  value 
as  per  above  analysis  per  ton  would  be: 

Nitrogen $17.66 

Phosphoric  acid 4 .  03 

Potash 2.12 

This  gives  a  total  value  of  $23.80  per  ton  of  2000  lbs. 
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In  using  cotton-seed  meal  as  a  fertilizer  it  must  be  borne  in  mind 
that  it  is  essentially  a  nitrogen  provider,  hence  if  the  soil  requires 
phosphoric  acid  and  potash  as  well  as  nitrogen,  the  meal  should  only 
be  used  in  connection  with  some  form  of  fertilizer  furnishing  these  other 
materials. 

While  the  hulls  are  not  used  as  fertilizer,  still  it  is  of  interest  to 
note  their  analyses  as  follows : 

Nitrogen 0.69% 

Phosphoric  acid 0 .  25 

Potash 1.02 

Taking  same  values  as  above  this  w^ould  give  a  value  of  $3.35  per  ton* 

In  1905,  3,308,930  tons  of  cotton  seed  were  produced  with  a  value 
of  *51, 309,175. 

Other  Meals  Not  Much  Used.  Castor  pomace  obtained  after  oil 
pressed  from  castor  beans,  grape  or  tartar  pomace,  the  refuse  argols 
from  manufacture  of  cream  of  tartar,  and  flaxseed  meal  obtained  from 
pressed  flaxseed  are  not  of  much  importance.  They  contain  varying 
amounts  of  nitrogen,  phosphoric  acid,  and  potash. 

Utilization  of  Tank  Water  and  Press  Water  from  Tankage.  After 
meat  scrap  has  been  cooked  in  the  rendering  tanks,  it  is  allowed  to 
s?ttle  to  the  bottom.  The  water  and  grease  rise  to  the  top  and  the 
grease  is  drawn  off.  The  tank  water  is  then  run  into  a  storage  vat  together 
with  the  water  pressed  from  the  tankage.  This  storage  tank  is  pro- 
vided with  heating  coils  in  the  bottom.  The  water  is  here  heated 
to  about  170®  Fahr.,  at  which  temperature  any  further  grease  which 
rises  is  skimmed  off.  It  is  important  to  remove  as  much  of  the  grease 
as  possible  as  it  will  interfere  with  the  further  process  of  evaporation. 
Most  of  the  evaporating  is  done  in  double  and  triple  effect  evaporators. 
Fig.  213.  Working  with  a  triple  effect  the  tank  water  is  drawn  into 
the  first  effect  in  such  a  quantity  that  it  covers  the  heating  space. 
When  the  steam  is  turned  on  it  brings  the  water  into  rapid  circulation 
and  it  begins  to  throw  off  vapor,  which  is  conducted  into  the  tube  space 
of  the  next  effect.  When  the  first  effect  is  working  under  a  vacuum 
of  5  to  10  ins.  and  under  a  steam  pressure  of  about  2  to  5  lbs.,  the 
second  effect  boils  under  a  vacuum  of  about  15  ins.  The  vapor  which 
then  arises  from  the  second  effect  is  conducted  into  the  tube  space  of 
the  third  effect  which  boils  under  a  vacuum  of  26  ins.  The  vacuum 
pump  attached  to  the  evaporating  plant  is  sucking  directly  on  the  third 
effect  and  condenses  the  vapor  which  is  thrown  off  from  this  third  effect. 

The  tank  water  is  kept  at  the  same  level  in  all  three  effects  and  as 
it  boils  down  it  is  drawn  over  from  the  second  to  the  third  and  from 
the  first  to  the  second,  and  fresh  water  is  run  into  the  first  effect.  In 
some  evaporators  this  feeding  of  the  tank  water  is  automatic,  the  valves 
being  left  open  so  as  to  allow  the  tank  water  to  run  slowly  from  one  effect 
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to  the  next  until  the  liquid  in  the  third  effect  is  so  heavy  that  it  is  ready 
to  be  pumped  out. 

The  density  of  this  tank  water  (which  after  completion  of  evaporation 
is  called  "  stick  ")  is  from  26  to  30°  B^.  at  the  temperature  of  the  evap- 
orator. This  "  stick  "  is  pumped  up  in  a  storage  vat  provided  with 
agitators  and  from  this  vat  it  is  either  run  to  the  dryers  which  are  drying 
the  tankage  and  thus  mixed  with  it,  or  is  mixed  with  chemicals  such  as 
green  vitriol  and  dried  on  internally  steam  heated  rotating  drum  dryers. 
In  this  latter  condition  after  being  dried  it  is  called  "  concentrated 
tankage  "  and  runs  15  to  17  per  cent  ammonia.  The  green  vitriol  is 
added  to  keep  the  material  from  absorbing  moisture  and  reverting  back 
to  the  sticky  condition,  as  it  is  very  hydroscopic.  In  present  practice 
most  of  the  "  stick  "  is  dried  with  the  tankage,  thus  raising  the  per- 


FiG.  213. — Evaporator.     American  Uj-Product  Co.,  New  York. 

centage  of  ammonia  in  the  tankage  and  doing  away  with  the  handling 
of  a  second  product. 

Slaughter  House  Tankage.  In  all  slaughter  houses  the  scrap  meat 
is  saved  and  treated  for  the  production  of  "tankage."  As  all  this 
material  has  more  or  less  grease  still  adhering  to  it,  it  is  fiist  placed 
in  large  tanks  and  boiled  under  pressure  till  the  grease  has  left  the 
meat  and  the  bone.  The  scrap  is  then  allowed  to  drop  to  the  bottom 
of  the  tank  and  the  liquor  is  drawn  off  into  large  vats.  After  the 
grease  has  risen  to  the  top  it  is  withdrawn.  The  remwning  liquor  i.-* 
then  treated  for  its  fertilizing  constituents  as  given  elsewhere  under 
"  concentrated  tankage." 

The  scrap  meat  and  hone,  or  as  it  is  called  "  tankage  "  is  now  pressed  to 
free  it  ai  much  as  possible  from  the  water  and  a<lhering  grease  and  is 
then  dried  in  rotary  dircct-hcat  or  steam  drjers.     It  is  then  ready  for  sale. 
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In  plants  where  the  liquors  are  evaporated  for  "  concentrated 
tankage  '*  it  is  a  general  practice  to  mix  the  "  stick  "  or  thick  liquor 
obtained  by  evaporation  directly  with  the  tankage  before  drying.  This 
raises  the  percentage  of  ammonia  and  at  the  same  time  does  away  with 
the  making  of  a  second  product. 

There  are  several  grades  of  tankage  made,  depending  on  the  quantity 
of  bone  present.  In  small  plants  practically  all  the  bone,  except  the  very 
largest  pieces,  are  left  with  the  tankage.  This  gives  a  product  running 
low  in  ammonia  and  high  in  bone  phosphate.  Such  tankage  may  run 
from  5  to  8  per  cent  ammonia  and  up  to  25  to  30  per  cent  bone  phosphate. 

In  the  larger  plants,  such  as  the  Chicago  packing  plants,  more  care 
is  taken  to  remove  the  bone,  thus  giving  a  tankage  of  higher  ammonia 
content  and  lower  bone  phosphate.  This  will  run  about  11  per  cent 
ammonia  and  15  per  cent  bone  phosphate. 

There  are  three  usual  grades  of  tankage  quoted  in  daily  market 
reports  as  follows: 

11  per  cent  ammonia  and  15  per  cent  bone  phosphate, 
10  per  cent  ammonia  and  20  per  cent  bone  phosphate,  and 
9  per  cent  ammonia  and  20  per  cent  bone  phosphate. 

The  steaming,  pressing,  and  drying  do  not  remove  all  the  grease. 
The  best  that  can  be  done  is  to  get  it  down  to  6  to  8  per  cent  on  the 
basis  of  the  dried  material,  while  frequently  where  factory  practice  is 
bad  it  will  run  as  high  as  20  per  cent.  This,  of  course,  lowers  the  per- 
centage of  both  anmionia  and  bone  phosphate.  As  the  grease  balls  the 
material  and  renders  it  hard  to  grind,  its  presence  in  large  quantity 
leaves  the  tankage  in  bad  condition  for  making  into  complete  fertilizer. 
Where  the  fire  hazard  is  not  too  great,  and  the  plant  is  large  enough, 
naphtha  extraction  is  used  to  remove  this  grease  from  the  dried  tankage. 
Frequently  in  neighborhoods  where  a  centrally  located  plant  can  obtain 
tankage  from  a  niunber  of  small  packing  houses,  naphtha  extraction 
is  employed,  so  that  the  grease  and  the  grease-free  tankage  may  be 
obtained.  The  grease  is  removed  in  these  plants  by  subjecting  the  tankage 
to  the  solvent  action  of  naphtha  under  pressure  in  large  tanks  holding 
from  10  to  20  tons  of  tankage.  After  a  number  of  hours  treatment,  the 
temperature  is  reduced  and  the  naphtha  withdrawn.  Live  steam  is  then 
blown  in  to  remove  the  excess  of  naphtha,  the  tankage  finally  with- 
drawn and  spread  over  a  large  area  to  let  the  remaining  naphtha  evaporate. 
This  process  will  remove  all  but  1  or  2  per  cent  grease. 

Garbage  Reduction.^  The  garbage  is  coUccUhI  in  wagons  which' 
have  watertight  steel  bodies  and  sectional  canvas  covers.  It  is  hauled 
to  the  central  loading  station  and  dumped  into  the  garbage  cars.  The 
cars  are  constructed  in  semicircular  bodies  designed  especially  for  hand- 
Ung  garbage. 

*  Article  by  I.  S.  Osbom,  onffincor  in  charge  of  design  and  construction,  Columbus, 
Ohio.     Taken  from  The  American  Firiilizer. 
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The  garbage  when  delivered  is  weighed  on  rtulway  track  scales  and  then 
run  into  the  green  garbage  building,  Fig.  214,  on  a  siding  which  extends 
through  it.    The  free  water  is  drained  off  through  a  gutter  extending  the  full 
length  of  the  buildii^.     The  swill  water  from  the  gutter  is  drained  into 
a  catch-basin,  from  which  it  is  dis- 
charged   into    the    grease   separating 
tanks  after  which  it  is  evaporated. 

The  garbage  is  sorted  and  shoveled 
into  a  scraper  conveyor,  extending  the 
full  length  of  the  building.     This  is  a 
Jeffrey  type  conveyor  and  extends  to 
the  main  building,  carrying  the  garbage 
along  the  incline  truss  to  the  top  of 
the  main  building  and  then  along  the 
bottom  chord  of  the  roof  trusses  and 
over  the  tops  of  the  digesters.     Con- 
^     nectii^  the  conveyor  with  the  digesters 
E     are  swivel  spouts  which  discharge  the 
g     garbage  directly  into  the  digesters. 
'%  The  digesters  are  7  ft.  in  diameter 

"J     by  14  ft.  in  length  and  have  a  capacity 
^     of  10  to  12  tons  each.     The  inside  is 
S     lined  with  cement  and  tile  Ij  ins.  thick 
g     so  as  to  protect  the  digester  from  wear, 
T     due  to  the  agitating  of  the  gritty  matter 
^     when  boiling,  and  at  the  same  time  Ur 
"     resist  the  action  of   the    acids  which 
^     would  attack  the  metal.     The  digest- 
era  are  arranged  in  nests  of  four  and 
are  connected  with  a  common  receiving 
hopper  which  is  directly  connected  to 
the  roller  presses.     The  four  digesters, 
one  receiving  hopper  and  a  roller  press 
are  called  one  umt.     The  time  required 
for  cooking  varies  with  the  kind  of 
garbage,  but  averages  6  hours  with 
steam  at  60  to  70  lbs.  pressure  as  it 
enters  the  digesters. 

The  pres-ses  which  are  connected 
with  the  hopper  are  of  the  continu- 
ous roller  type,  especially  designed  by  Charles  Edgerton  for  handling 
garbage.  They  are  directly  connected  to  the  bottom  of  the  receiving 
hopper  so  that  the  material  from  the  digesters  passes  through  the  presses 
without  being  exposed.  The  press  is  provided  with  an  upper  and  lower 
conveying  apron.     The  upper  apron  is  made  of  ^-in,  steel  slats  riveted 
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to  a  heavy  forged  steel  chain.  The  upper  apron  acts  as  the  bottom  of 
the  receiving  hopper,  and  when  the  press  is  running,  carries  the  material 
through  the  feeding  rolls  and  discharges  it  onto  the  lower  apron.  The 
lower  apron  is  made  of  perforated  slats  f  in.  in  thickness  and  passes 
between  six  cast  iron  rolls  arranged  in  pairs. 

The  pressed  material  is  discharged  at  the  front  of  the  press  into  a 
Jeffrey  scraper  conveyor,  which  carries  the  material  to  the  second  jSoor 
of  the  drying  department.  The  water  and  grease  flow  from  the  presses 
to  catch-basins  in  the  grease  separating  room.  The  grease  is  drawn 
off  and  pumped  into  storage  tanks  ready  for  shipment. 

The  liquor  coming  from  the  presses  carries  more  or  less  solid  matter 
in  suspension.  These  solids  are  known  as  muck  and  silt.  The  muck 
settles  to  the  bottom  of  the  grease  separating  tanks  and  the  silt  rises  to 
the  top  of  the  water.  The  tank  water,  after  the  grease  has  been 
separated,  is  drawn  off  to  a  large  storage  tank  outside  the  building. 
The  tank  water  contains  5  to  7  per  cent  of  solids  in  solution;  it  is  con- 
centrated in  a  triple  effect  evaporator.  After  concentration  the  tank 
water  is  drawn  off  by  a  Magma  pump  and  discharged  into  a  storage 
tank  on  the  second  floor. 

The  muck  and  silt  from  the  grease  separating  tanks  are  placed  in 
a  screw  press  from  which  the  liquor  flows  to  the  catch-basins  and  the 
solids  pass  along  the  scraper  conveyor  to  the  dryer  room.  The  solids 
are  then  fed  to  a  revolving  steam  heated  cylindrical  dryer.  The  material 
is  fed  into  the  dryer  continuously  and  discharged  by  means  of  two 
short  spiral  conveyors  placed  at  the  opposite  end. 

The  dried  material  is  then  passed  through  the  revolving  screen.  The 
screened  tankage  is  then  placed  in  the  vacuum  or  mixing  dryers,  and 
the  concentrated  syrup  added.  The  dry  fibrous  material  acts  as  a 
filler  and  enables  the  moisture  in  the  syrup  to  be  driven  off.  The  addition 
of  the  syrup  to  the  fibrous  material  produces  a  higher  grade  of  tankage 
from  a  mechanical  and  fertilizing  standpoint. 

The  dryers  are  15  ft.  long  and  5  ft.  in  diameter.  Through  the  center 
of  each  dr\'^er  is  a  shaft  to  which  paddles  are  attached  for  agitating 
and  mixing  the  material.  When  dry,  the  material  is  discharged  into 
another  spiral  conveyor  connected  to  a  Jeffrey  bucket  elevator,  which 
discharges  the  tankage  onto  the  third  floor,  where  it  is  stored  until 
shipped. 

The  Phosphate  Rock  Industry.  From  time  to  time  various  deposits  of 
phosphate  rock  have  been  found  and  mined  throughout  the  world,  but 
the  principal  workings  to-day  are  to  be  found  in  Florida,  South  Carolina, 
and  Tennessee  in  the  United  States,  in  Algeria  and  Gafsa  in  North  Africa, 
and  in  Ocean  and  Christmas  islands  in  the  far  east. 

The  first  serious  attempt  to  obtain  phosphate  in  this  country  was 
in  Canada,  mining  what  is  known  as  Canadian  apatite.  This  is  a  very 
high  grade  material,  but  it  was  very  expensive  to  mine  and  when  in  1870 
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the  South  Carolina,  and  in  1888  the  Florida  deposits  were  marketed, 
it  could  not  compete  with  them.  The  rock  in  South  Carolina  is  foimd 
in  two  grades — river  and  land  pebble.  It  is  deposited  in  considerable 
quantities  along  the  margins  of  navigable  streams  and  in  the  river  beds 
between  Charleston  and  Beaufort.  The  rock  of  Northern  Africa,  on 
account  of  its  locality,  is  consumed  entirely  in  Europe,  and  the  pro- 
duction of  the  East  Indies  finds  its  market  in  Japan  and  Australia  as  well 
as  in  Europe. 

Florida  Phosphate.  In  1889  pebble  phosphate  was  discovered  in 
De  Soto  County.  Several  months  later  land  rock  phosphate  was 
uncovered  at  Dunellon  in  Marion  County.  This  is  the  most  valuable 
of  the  Florida  phosphates  and  its  discover^'  at  once  caused  the  invest- 
ment of  large  amounts  of  capital.  In  the  following  year  plate  rock 
phosphate  was  discovered  at  Anthony  in  Marion  County.  Land  rock 
phosphate  is  unlike  the  river  and  land  pebble  phosphate.  The  deposits 
in  Florida  are  as  a  rule  about  175  by  15  miles  in  area,  parallel  with  the 
eoast,  and  about  20  miles  inland.  Plate  rock  phosphate  is  mined  only 
in  a  limited  section  of  Marion  County.  It  acts  as  a  covering  for  lime- 
stone cones  and  is  from  6  ins.  to  1  ft.  in  thickness. 

Pebble  rock  phosphate  is  almost  entirely  of  marine  formation  and 
is  located  in  the  beds  of  small  rivers  and  lakes  and  in  areas  originally 
covered  with  water.  It  is  found  far  back  from  the  coast  in  areas  about 
20  by  60  miles  in  extent  and  in  tonnage  produced  surpasses  both  land 
and  plate  rock.  Pebble  rock  occurs  in  the  form  of  rounded  pebbles 
varying  up  to  a  size  somewhat  smaller  than  a  hen's  egg.  When  a  deposit 
is  located  it  is  first  thoroughly  prospected  by  boring  with  a  core  boring 
machine,  as  by  this  means  the  depth  of.  the  bed  is  ascertained  as  well 
as  the  grade  of  the  various  layers  of  phosphate  encountered. 

The  mining  is  hydraulic.  Powerful  streams  of  water  are  thrown 
against  the  edge  of  the  bed  and  the  phosphate  gravel  together  with  the 
sand  and  clay  is  washed  into  a  hole  about  10  ft.  in  diameter  and  10  to 
15  ft.  deep.  The  gravel  is  sucked  up  from  this  hole  by  means  of  a 
pipe  and  run  to  the  mill  which  may  be  half  a  mile  or  more  away.  Here 
it  is  passed  over  screens  which  allow  the  fine  silt  and  sand  to  escape 
while  the  phosphate  pebbles  are  caught.  This  serves  to  wash  the  rock 
and  it  is  then  passed  through  direct-heat  rotary  dryers  and  carried  by 
belts  to  the  storage  bins,  ready  for  shipment. 

As  contracts  are  made  for  from  3  to  10  years  shipments,  it  is  very 
necessary  that  the  property  shall  be  thoroughly  prospected,  as  it  is 
necessary  to  know  what  grade  rock  can  be  obtained  from  different  parts 
of  the  property.  The  prospecting  is  remarkably  accurate.  The  actual 
factory  returns  usually  show  a  yield  agreeing  within  1  per  cent  of  what 
the  prospecting  had  indicated. 

Another  method  of  mining  this  rock  is  by  means  of  dredges  which 
scoop  the  rock  from  the  bottom  of  the  river  or  lake  and  dump  it  into 
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cars  which  carry  it  to  the  mills.  The  extent  of  the  bed  of  rock  is 
ascertained  by  prospecting  in  a  manner  similar  to  the  above  until  the 
area  suitable  for  working  is  determined.  The  dredge  is  then  brought 
up  the  river  to  the  point  where  operations  are  to  begin  and  starts 
digging  into  the  side  of  the  bank  throwing  the  scooped  up  material  into 
the  cars.  In  some  cases  suction  dredges  are  used  and  a  partial  separation 
of  the  rock  and  clay  made  on  the  dredge,  the  rock  being  dumped  into 
cars  and  the  sludge  thrown  out. 

The  bulk  of  the  land  pebble  runs  from  68  to  70  per  cent  bone  phos- 
phate, while  high  grade  hard  rock  runs  76  to  78  per  cent.  The  iron 
and  alumina  content  is  about  2  to  3  per  cent. 

Tennessee  Brown  Rock  Phosphate.  The  Tennessee  phosphates  occur 
almost  entirely  in  silurian  and  devonian  starata,  but  more  particularly  in 
the  former,  and  in  the  transition  strata  between  the  two.  In  December, 
1893,  blue  rock  phosphate  was  discovered  in  Hickman  County.  The 
beds  of  brown  rock  in  this  vicinity  which  are  the  finest  phosphate  deposits 
in  the  world,  were  not  worked  till  later.  Some  45,000,000  tons  of  this 
brown  rock  are  estimated  as  being  available  for  mining  in  this  district. 
New  fields  are  being  continually  opened  up,  railroads  built  and  large 
quantities  shipped.  As  the  brown  rock  of  this  locality  is  gradually  used, 
the  vast  blue  rock  fields  of  Maury,  Hickman,  and  Lewis  Counties  will 
come  into  active  development. 

This  brown  rock  lies  in  strata  formation  with  layers  of  clay  and 
earth  as  overburden.  This  overburden  is  stripped  by  hand  or  steam 
shovel  and  the  soft  wet  phosphate  taken  out  either  by  hand  or  steam 
shovel.  It  is  carried  to  the  washers  where  it  is  freed  from  the  most 
of  the  clay  and  dirt.  On  account  of  the  porous  nature  of  this  rock,  the 
clay  is  disseminated  all  through  it  and  it  is  very  difficult  to  get  rid 
of  all  the  clay  by  the  use  of  simple  log  washers.  Many  types  of 
washers  are  used,  the  most  efficient  being  the  form  used  in  cleansing 
glass-makers  sand.  This  is  done  by  pumping  the  fine  material  through 
pipes  having  sharp  angles  where  the  pressure  is  greatly  increased.  The 
clay  is  washed  out  in  this  manner  and  the  clean  rock  is  finally  delivered 
to  verj'  deep  settling  tanks  where  the  muddy  water  holding  the  clay 
in  suspension  is  drawn  off  and  the  heavier  rock  which  settles,  after  the 
tank  is  filled,  is  dried  in  rotary  direct-heat  dryers  and  is  then  ready  for 
shipment. 

This  method  is  so  efficient  that  a  hand-car  load  of  rock  dumped  through 
a  space  of  20  ft.  will  hardly  raise  any  dust,  whereas  the  rock  cleaned  by 
rdmpler  and  less  effiicent  means  will  carry  so  much  clay  dust  that  a 
cloud  of  dust  rises  whenever  it  is  disturbed. 

Many  of  the  smaller  plants  simply  sun-dry  the  material,  after  it  is 
dug,  by  spreading  it  on  the  fields  and  frequently  turning  with  a  harrow. 
AVhen  the  rock  is  kiln-dried,  large  piles  of  wood  are  prepared  about 
10  ft.  across  and  20  to  40  ft.  long  and  5  to  6  ft.  high.     The  wet  rock  i 
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piled  on  top  and  the  wood  fired.  In  case  a  storm  comes  up  during  the 
drjdng  the  whole  operation  has  to  be  repeated,  causing  considerable 
expense. 

Much  of  the  material  that  is  washed  in  log-washers  or  by  use  of 
revolving  screens  is  more  thoroughly  cleansed  of  the  adhering  clay  by 
blowing  a  very  strong  blast  of  air  through  the  direct-heat  dryers  thus 
blowing  off  the  lighter  dust,  or  floats.  This  gives  a  fairly  good  material 
but  the  loss  in  phosphate  is  rather  large  as  the  floats  will  test  from  50 
to  60  per  cent  bom^  phosphate.  It  is  very  important  to  reduce  the  clay 
as  much  as  possible  as  well  as  the  iron  and  alumina  phosphate,  as  these 
prevent  the  making  of  high  available  acid  phosphate. 

Tennessee  Blue  Rock.  This  rock  is  found  in  a  territory  bounded 
approximately  by  a  trapezoid  having  at  its  four  comers  Centreville  in 
Hickman  County,  Kinderhook  and  Mt.  Joy  in  Maury  County,  and 
Lewis  Monument  in  Lewis  County.  Traversing  this  territory  are  Duck 
River,  Indian,  Swan,  Blue  Buck,  and  Cathay^s  Creeks,  and  outcropping 
along  these  valleys  and  underlying  the  ridges  between  them  are  deposits 
of  blue  rock  running  in  bone  phosphate  from  60  to  78  per  cent,  with  less 
than  3  per  cent  iron  and  alumina  oxides,  that  will  aggregate  nearly 
40,000,000  tons. 

Tennessee  White  Rock  Phosphate.  The  deposits  of  white  phosphate 
in  Perry  County,  Tenn.  have  been  formed  by  the  deposition  of  phos- 
phate from  solution  on  the  beds  of  limestone  caverns.  They  are  not 
of  very  great  extent.  Most  of  it  is  mined  by  means  of  open  cut  work 
although  some  tunneling  is  done.  It  lies  in  beds  varying  from  a  few 
inches  to  several  feet  in  thickness. 

Carefully  selected  specimens  of  the  lamellar  variety  have  run  from 
85  to  90  per  cent  of  bone  phosphate.  The  less  dense,  greenish  material 
contains  some  ferrous  iron  and  runs  slighlty  less  than  80  per  cent. 

South  Carolina  Phosphate  Rock.  This  rock  occurs  in  the  form  of 
nodules  ranging  in  size  from  a  pea  to  pieces  the  size  of  a  man's  head, 
and  is  found  both  upon  the  land  and  in  the  river  beds.  On  the  land 
the  phosphate  bearing  strata  are  usually  covered  with  sand  to  a  depth 
of  6  to  10  ft.,  and  vary  from  one  to  several  feet  in  thickness.  The 
mining  on  land  is  done  by  steam  shovels  which  remove  first  the  over- 
burden and  then  the  rock,  which  is  screened,  washed  and  dried.  In 
the  river  beds  a  dredge  is  used  to  get  out  the  rock  which  is  then  dried 
as  usual.  It  runs  from  50  to  60  per  cent  bone  phosphate  and  about 
6  per  cent  iron  and  alumina  oxides. 

The  Western  Deposits  of  Phosphate.  As  yet  these  deposits  occurring 
in  northern  Utah,  southeastern  Idaho  and  southwestern  Wyoming, 
while  very  large,  are  at  present  not  developed,  but  they  promise  to  be 
very  large  producers  in  the  near  future. 

Phosphates  in  the  South  Seas.  The  islands  of  the  Pacific  Ocean 
contain  the  largest  known  deposits  of  high  grade  phosphates.       The 
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deposits  in  Ocean  and  Pleasant  Islands  in  the  Gilbert  group  are  estimated 
at  50,000,000  tons.  About  300,000  tons  yearly  is  being  mined  and  shipped. 
About  100,000  tons  is  taken  to  Japan,  80,000  to  Australia,  and  the 
remainder  to  Europe.  Europe  also  receives  3'early  about  100,000  tons 
from  Christmas  Island.  Recently  good  grade  phosphate  has  been  found 
on  the  islands  in  the  French  colony  of  Tahiti  and  dependencies.  These 
islands,  Makatea,  Matahiva,  and  Niau,  he  in  the  northwestern  part 
of  the  Tuamotu  Archipelago.  The  high  grade  deposits  in  Makatea 
are  estimated  at  10,000,000  tons  with  many  million  more  tons  of  lower 
grade.  These  deposits  range  from  73  to  80  per  cent  bone  phosphate 
content.  It  is  estimated  that  when  the  works  are  completed  and  working 
at  full  capacity  200,000  tons  yearly  will  be  shipped.  This  island,  together 
with  the  island  of  Angaur  about  600  miles  to  the  east  of  the  Philippine 
island  of  Mindanao,  is  a  coral  island  and  has  been  for  ages  the  resort 
of  coimtless  flocks  of  marine  birds.  Their  excrement  accumulated  in 
vast  quantities,  but  was  not  preserved  unchanged  as  is  the  case  in  the 
guano  islands.  The  heavy  rains  of  this  section  of  the  Pacific  caused 
a  steady  leaching  of  the  soluble  phosphates,  which,  coming  in  contact 
with  the  porous  coral  growth  beneath  of  pure  calcium  carbonate  gradually 
changed  it  into  calcium  phosphate. 

Thomas  or  Belgian  Slag.  Thomas  or  basic  slag  is  a  by-product 
in  the  modern  method  of  steel  manufacture  from  ores  containing  noticeable 
quantities  of  phosphorus.  The  process  of  remo\ing  the  phosphorus  from 
the  ore  was  first  discovered  by  the  English  engineeers  Gilchrist  and  Thomas 
and  consists  in  adding  to  the  converter  containing  the  milled  ore  a 
definite  quantity  of  freshly  burnt  lime,  which,  after  powerful  reaction, 
is  found  to  be  united  with  the  phosphorus  and  swims  on  the  top  of  the 
molten  steel  in  the  form  of  a  slag. 

The  composition  varies  according  to  the  character  of  the  ore  and  the 
success  of  the  process  for  removing  the  impurities.  The  following  figures 
are  typical : 

Phosphoric  acid 11-23% 

Silicic  acid 3-13 

Calcium  oxide 38-59 

Ferrous  and  ferric  oxides' 6-25 

Protoxide  of  manganese .       1-6 

Alumina 0 . 2-3 . 7 

Magnesia 2-8 

Sulphur 0.2  1.4 

The  fertilizing  value  of  the  slag  was  not  recognized  for  a  long  time. 
A  considerable  portion  of  its  phosphoric  acid  was  found  to  be  soluble 
in  dilute  citric  and  carbonic  acids,  which  led  to  successful  field  experi- 
ments. The  only  preparation  of  the  slag  for  fertilizer  purposes  when 
its  value  was  first  recognized,  consisted  in  having  it  finely  ground  in 
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specially  prepared  mills  so  that  75  per  cent  would  pass  a  sieve  of  0.17 
mm.  mesh.  This  requirement  was  suggested  by  M.  Fleischer,  who  used 
the  slag-with  much  succes^s  in  improving  marsh  and  meadow  lands. 

Previous  to  1890,  by  means  of  pot,  as  well  as  by  lalx)ratory  experi- 
ments, Wagner  demonstrated  that  the  phosphoric  acid  in  different  slags 
of  the  same  degree  of  fineness,  varied  in  its  availability  from  30  to  90  per 
cent,  and  further  that  many  brands  were  adulterated  with  Belgian  and 
other  insoluble  phosphates.  The  value  is  now  determined  by  finding 
the  percentage  of  phosphoric  acid  soluble  in  a  2  per  cent  citric  acid 
solution,  and  these  results  are  found  to  approximate  very  closely  the 
results  obtained  by  pot  experiments. 

The  form  in  which  the  phosphoric  acid  exists  in  the  slag  has  never 
been  fully  explained.  It  was  formerly  supposed  that  it  was  combined 
with  lime  as  a  tetracalcium  phosphate  and  that  this  latter  compound 
being  less  stable  than  tricalcium  phosphate,  under  the  influence  of  dilute 
acids  became  easily  available  to  the  plants  by  being  decomposed  into 
the  calcium  salt  of  the  dissolving  acid,  and  ticalcium  phosphate.  The 
tetracalcium  phosphate,  however,  has  never  been  made  artificially,  although 
it  has  been  recognized  under  the  microscope  in  the  slag  and  exists  as  a 
mineral  under  the  name  of  Isoklas. 

More  recent  investigations  have  shown,  as  already  indicated,  that 
those  slags  of  like  phosphoric  acid  content  which  are  richest  in  silicic 
acid  give  the  best  results.  Hence  the  conclusion  has  been  drawn  that 
a  part  of  the  lime  must  be  in  the  form  of  silicate.  It  is  now  generally 
held  that  the  phosphoric  acid  is  combined  in  the  slag  as  a  double  salt 
of  tricalcium  phosphate  and  calcium  silicate  and  that  in  this  form  the 
roots  are  able  to  utilize  it.  It  is  also  believed  that  some  of  the  phos- 
phoric acid  is  more  or  less  united  with  iron  as  a  basic  iron  phosphate. 

Bone.  Bones  consist  of  two  distinct  kinds  of  matter.  One  is  mineral 
in  character  and  consists  of  phosphate  of  lime  or  true  bone  phosphate; 
the  other  is  orgamc,  consisting  of  a  flesh-like  matter  called  ossein,  which 
contains  much  nitrogen.    An  average  analysis  of  bones  is  as  follows: 

Moisture 34.20% 

Mineral  matter  (ash) 22.80 

Fats 20.50 

Albuminoids 20.60 

Undetermined  organic  matter 1 .  90 

The  ash  contained 

Calcium  phosphate 87 .  40% 

Calcium  carbonate 11. 50 

Undetermined  mineral 1 .  10 

Bones  as  a  source  of  phosphoric  acid  for  fertilizer  manufacture 
come  on  the  market  in  several  forms.    In  large   packing  houses  or  in 
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localities  where  large  amounts  of  bone  can  be  collected,  they  are  treated 
for  the  extraction  of  the  gelatine,  of  which  they  contain  about  33  per 
cent.  To  extract  the  gelatine  the  bones  are  steamed  in  tanks  under 
40  lbs.  pressure  for  three  or  four  hours.  The  gelatine  being  dissolved 
and  the  grease  liberated,  rises  to  the  top.  The  grease  is  skimmed  off 
and  the  liquor  containing  the  gelatine  drawn  off  for  further  treatment 
The  bones  with  some  meat  still  adhering  are  removed  from  the  tanks 
dried  and  ground,  producing  "  steamed  bone  meal.'*  This  contains 
from  4  to  4^  per  cent  ammonia  and  22  to  24  per  cent  bone  phosphate. 
If  steamed  at  a  pressure  of  50  to  60  lbs.  and  for  a  longer  time,  more  of 
the  gelatine  is  removed  and  the  meal  runs  correspondingly  lower  in 
anmionia.  Raw  bone  is  bone  that  has  been  boiled  in  open  kettles  to 
remove  the  grease  and  gelatine;  this  method,  however,  is  not  so  efficient 
as  steaming  under  pressure  and  the  bone  meal  runs  higher  in  anunonia 
and  lower  in  phosphoric  acid. 

Bone  Black.  For  use  in  sugar  refining,  bones  are  calcined  until  black 
and  brittle.  This  removes  all  the  organic  matter  and  renders  them  very 
porous.  After  their  value  to  the  sugar  reJ&ner  is  gone,  they  are  sold  to 
the  fertilizer  manufacturer  as  bone-black,  containing  about  30  to  36 
per  cent  phosphoric  acid  and  no  ammonia. 

Part  of  the  phosphoric  acid  in  steamed  or  raw  bone  meal  is  in  the 
available  form.  This  class  of  bone  is  a  very  good  fertilizing  material 
as  the  phosphoric  acid  is  decomposible  in  the  ground  and  in  the  course 
of  four  or  five  years  is  rendered  all  available,  thus  furnishing  a  steady 
supply  of  phosphoric  acid  to  plant  growth.  The  phosphoric  acid  of 
bone-black  or  bone  ash  is,  however,  entirely  unavailable  without  treat- 
ment with  acid.  Superphosphate  and  dissolved  bone-black  are  terms 
applied  to  the  bone  meal  and  bone-black  which  have  been  acidulated 
so  that  the  phosphoric  acid  is  rendered  available  for  plant  growth. 

Chemistry  of  the  Manufacture  of  Acid  or  Super-phosphate.  The 
reaction  which  takes  place  on  the  addition  of  sulphuric  acid  to  phosphate 
rock  or  boue  is  as  follows: 

3Ca3(P04)2+6H2S04+12H20=4H3P04+Ca3(P04)2+6CaS04-2H20 

and 

4H3P04+Ca3(P04)2+3H20  =  3CaH4(P04)2  •  H2O 

A  simpler  form  of  the  reaction  is  expressed  as  follows: 

Ca3(P04)2+2H2S04 +5H2O  =  CaH4(P04)2  •  H20-h2CaS04  •2H2O. 

If  310  parts  by  weight  of  finely  ground  tricalcic  phosphate  be  mixed 
with  196  parts  of  sulphuric  acid  and  90  parts  of  water,  and  the  resulting 
jelly  is  quickly  diluted  with  water  and  filtered,  there  will  be  found  in  the 
filtrate  about  three-quarters  of  the  total  phosphoric  acid  as  free  acid. 
If,  however,  the  jelly  at  first  formed  as  above,  is  left  to  become  dry  and 
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hard,  the  filtrate,  when  the  mass  is  beaten  up  with  water  and  filtered, 
will  contain  monocalcic  phosphate  CaHP04. 

If  the  quantity  of  sulphuric  acid  used  is  not  sufficient  for  complete 
decomposition,  the  dicalcium  salt  is  formed  directly  according  to  the 
following  reaction: 

Ca3(P04)2+H2S04+6H2O  =  Ca2H2(PO4)2-4H20+CaSO4-2H20. 

This  arises  doubtless  by  the  formation  at  first  of  the  regular  mono- 
calcim  salt  and  the  further  reaction  of  this  with  the  tricalcium  com- 
pound as  follows: 

CaH4(P04)2+H20+Ca3(P04)2+7H20=2Ca2H2(P04)2-4H20. 

This  reaction  represents,  theoretically,  the  so-called  reversion  of  the 
phosphoric  acid.  When  there  is  an  excess  of  the  sulphuric  acid  there 
is  a  complete  decomposition  of  the  calcium  salts  \dth  the  production 
of  free  phosphoric  acid  and  gypsum.  This  reaction  is  represented  as 
follows: 

Ca3(P04)2+3H2S04+6H20  =  2H3P04+3[CaS04  ^HoO. 

The  crystallized  gypsum  absorbs  the  6  molecules  of  water  in  its  structure. 
Reactions  with  Fluorides.  Since  calcium  fluoride  is  present  in  nearly 
all  mineral  phosphates,  the  reactions  of  this  compound  must  be  taken 
into  consideration  in  the  chemistry  of  this  subject.  When  treated  with 
sulphuric  acid  the  foUowng  reaction  takes  place: 

CaF2+H2S04  =  2HF+CaS04. 

The  free  HF  then  reacts  with  any  silica  present  as  follows: 

4HF+Si02  =  2H20+SiF4. 

This  compound  however  is  decomposed  at  once  in  the  presence  of  water, 
forming  hydroflousilicic  acid,  as  follows: 

3SiF4 +2H2O  =  Si02+2H2SiF6. 

The  presence  of  fluorides  is  very  objectionable  both  on  account  of  the 
dangerous  gases  evolved  during  the  manufacture  and  because  100  lbs. 
of  calcium  fluoride  will  consume  125.6  lbs.  of  the  sulphuric  acid. 

Reaction  with  Carbonates.  Most  mineral  phosphates  contain  car- 
lx)nates  in  varying  quantities.  On  treatment  with  sulphuric  acid  these 
are  decomposed  as  follows: 

CaC03+H2S04  =  CaS04+H20+C02. 

WTien  present  in  only  moderate  quantities  they  are  not  objectionable 
as  the  reaction  produces  a  rise  in  temeprature  throughout  the  mass, 
and  the  CO2  formed  permeates  and  lightens  the  whole  mass,  assisting 
thus  in  completing  the  reaction  by  leaving  the  mass  porous,  and  capable 
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of  being  easily  dried  and  pulverized.  WTien  large  quantities  are  present 
however,  additional  water  should  be  added  to  furnish  the  proper  amount 
for  the  crystallization  of  the  gypsum.  100  parts  by  weight  of  calcium 
carbonate  require   125  parts  of  60°  B^.  acid. 

Solution  of  the  Iron  and  Alumina  Compounds.  Iron  may  occur  in 
mineral  phosphates  in  many  forms.  It  probably  is  most  frequently 
present  as  ferrous  or  ferric  phosphate,  seldom  as  oxide  and  often  as 
pyrite.  The  alumina  is  chiefly  present  as  phosphate  and  as  silicate. 
When,  as  is  generally  the  case,  a  little  less  sulphuric  acid  is  employed 
than  is  necessar>'  for  complete  solution,  the  iron  phosphate  is  attacked 
•as  follows: 

3FeP04 +3H2SO4  =  FeP04  •  2H3PO4 +Fe2(S04)3. 

A  part  of  the  iron  sulphate  formed  reacts  with  the  acid  calcium  phos- 
phate present  to  produce  a  permanent  jelly-like  compound,  difficult  to 
dry  and  handle.  By  careful  practice  as  much  as  4  to  6  per  cent  may 
be  handled,  but  over  2  per  cent  is  objectionable.  Pyrite  and  silicate  are 
not  attacked  by  the  sulphuric  acid  and  these  compounds  are  therefore  not 
objectionable  and  no  account  is  taken  of  them  in  analyzing  phosphates* 

With  sufficient  acid  the  alumina  phosphate  is  decomposed  with  the 
formation  of  aluminum  sulphate  and  free  phosphoric  acid,  as  follows: 

AIPO4  +  3H2SO4  =  Al2(S04)3  +  2H3P04. 

Reaction  with  Magnesium  Compounds.  The  mineral  phosphates,  as 
a  rule,  contain  but  little  magnesia.  When  present  it  is  probably  as  an 
acid  salt,  MgHP04.  Its  decomposition  takes  place  in  slight  deficiency 
or  excess  of  sulphuric  acid  respectively  as  follows : 

2MgHP04 +H2SO4 +2H2O  =  [MgH4  (P0i)2  •  2H2O] +MgS04. 
and 

MgHP04+H2S04  =  H3P04+MgS04. 

The  magnesium,  when  present  as  oxide,  is  capable  of  producing  a 
reversion  of  the  monocalcic  phosphate  as  follows : 

CaH4(P04)2+MgO  =  CaMgH2(P04)2  --H2O. 

One  part  by  weight  of  magnesia  can  render  3^  parts  of  soluble  mono- 
calcic  phosphate  insoluble.^ 

Wood  and  Lime  Kiln  Ashes.  These  are  chiefly  valuable  as  fertiUzer 
materials  on  account  of  the  potash  they  contain.  A  good  grade  of 
unleached  wood  ashes  should  contain  about  5  to  6  per  cent  potash,  while 
the  lime  kiln  ashes  will  run  slightly  lower.  They  both  contain  about 
2  per  cent  phosphoric  acid. 

Tobacco  Stems  and  Dust.  These  contain  ammonia,  phosphoric 
•^•"'  acid,  and  potash,  the  latter  being  the  highest.     Stems  will  run  2  to  3 
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per  cent  ammonia,  and  7  to  8  per  cent  potash.  The  dust  runs  slightly 
higher  in  ammonia  and  from  2  to  3  per  cent  potash.  Both  carry  small 
amoimts  of  phosphoric  acid.  Tobacco  dust  is  valuable  as  a  filler  on 
account  of  its  absorbent  properties. 

Cotton-seed  Meal  Ashes.  This  material  contains  about  10  per  cent 
total  phosphoric  acid,  8  per  cent  available  phosphoric  acid  and  17  to 
18  per  cent  potash. 

Night  Soil.  The  material  collecting  in  cesspools  is  pumped  upon 
sandy  soil,  where  it  is  allowed  to  dry.  This  is  used  locally  and  con- 
stitutes a  valuable  fertilizer. 

How  to  Calculate  Amounts  of  Material  to  be  Used  in  Making  a  Com- 
plete Fertilizer  of  Definite  Composition  from  the  Raw  Materials.  Suppose 
that  we  desire  to  make  a  fertilizer  having  the  composition:  nitrogen  4 
per  cent,  phosphoric  acid  8  per  cent,  and  potash  10  per  cent.  Suppose 
in  addition  that  we  have  on  hand  the  following  materials:  nitrate  of 
soda  containing  16  per  cent  nitrogen,  acid  phosphate  containing  15 
per  cent  available  phosphoric  acid,  and  muriate  of  potash  containing 
50  per  cent  actual  potash  (K2()).  How  many  pounds  of  each  of  these 
materials  will  we  require? 

To  contain  4  per  cent  nitrogen,  the  ton  must  contain  80  lbs.  Nitrate 
of  soda  contains  16  lbs.  of  nitrogen  in  every  100  of  the  nitrate,  and  hence 
500  lbs.  of  nitrate  of  soda  would  be  required  to  make  up  the  80  lbs. 

To  contain  8  per  cent  phosphoric  acid,  the  ton  must  contain  160 
lbs.  The  phosphate  contains  in  every  100  lbs.  15  lbs.  of  phosphoric 
acid  and  hence  1067  lbs.  of  the  acid  phosphate  will  be  rquired  to  furnish 
160  lbs.  available  phosphoric  acid. 

To  contain  10  per  cent  potash  the  ton  must  contain  200  lbs.  Our 
muriate  contains  in  everj"  100  lbs.  50  lbs.  actual  potash,  and  hence  400 
lbs.  will  be  required  to  give  the  200  lbs. 

We  should  then  have  the  following: 

500  lbs.  nitrate  of  soda, 
1067  lbs.  acid  phosphate, 
400  lbs.  muriate  of  potash, 

or  a  total  of  1967  lbs.  Now  to  make  it  up  to  one  ton  we  simply  add 
33  lbs.  of  any  inert  material  such  as  dirt  for  instance,  and  we  then  obtain 
one  ton  of  fertilizer  of  the  desired  composition.  By  adding  one  more 
ton  of  '*  filler  "  we  should  have  two  tons  of  fertilizer  of  the  following 
composition:  nitrogen,  2  per  cent,  phosphoric  acid,  4  per  cent,  and  potash, 
5  per  cent. 

Now  for  a  more  complicated  example  suppose  we  wish  to  make  a 
fertilizer  of  the  same  composition,  but  instead  of  ha\'ing  three  materials, 
each  containing  only  one  ingredient,  suppose  we  have  on  hand  Peruvian 
guano,  containing  3  per  cent  nitrogen,  18  per  cent  phosphoric  acid,  and 
3^  per  cent  potash. 
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To  give  us  160  lbs.  (8  per  cent)  of  phosphoric  acid  we  shall  require 
about  900  lbs.  of  this  guano.  Nine  hundred  pounds  would  also  supply 
27  lbs.  of  nitrogen  and  31  lbs.  of  potash.  But  we  require  80  lbs.  of 
nitrogen  and  200  lbs.  of  potash  in  all,  or  53  lbs.  more  nitrogen  and 
169  lbs.  more  potash  to  complete  the  mixture.  Three  hundred  and 
eighty-four  pounds  of  nitrate  of  potash  analyzing  14  per  cent  nitrogen 
and  44  per  cent  potash  would  supply  this  53  lbs.  nitrogen  and  also 
the  169  lbs.  potash,  therefore  we  have 

Nitrogen.  Phos.  Acid.         Potash. 

900  lbs.  guano  containing        27  lbs.  160  lbs.         31  lbs. 

and 

384  lbs.  nitrate  of  potash        53  lbs.  169  lbs. 

or  total  of 

1284  lbs.  containing  80  lbs.  160  lbs.       200  lbs. 

now  by  adding  716  lbs.  of  filler  we  have  one  ton  of  fertilizer  of  Che 
desired  formula. 

For  a  third  example,  suppose  we  have  the  following  materials: 

Ist.  one  containing  3  per  cent  nitrogen,  18  per  cent  phos.  acid,  and  3|  per  cent  potash 
2d.  one  containing  6  per  cent  nitrogen,  9  per  cent  phos.  acid  and  2  per  cent  potash 
3d.  one  containing  50  per  cent  potash 

we  would  then  take 


Nitrogen. 

Phos.  Acid. 

Potash. 

1st. 

300  lbs.  containing      9  lbs. 

54  lbs. 

10  lbs. 

2d. 

1200  lbs.  containing     72  lbs. 

108  lbs. 

24  lbs. 

3d. 

332  lbs.  containing 

166  lbs. 

Total     1832  81  162  200 

By  adding  168  lbs.  of  filler  we  then  have  one  ton  of  our  fertilizer. 

A  filler  in  common  use  is  obtained  from  garbage  extracted  for  the 
grease  which  it  may  contain.  The  pressed  and  dried  material  has  prac- 
tically no  value  from  its  nitrogen  or  phosphorous  content  although  the 
tankage  is  very  heavy  in  soluble  material. 

Peat  Filler.  Dried  humus  or  peat  is  used  as  a  filler  on  account  of 
its  absorbent  properties,  but  its  use  is  prohibited  by  some  states  if  the 
nitrogen  content  is  included  in  the  nitrogen  of  the  fertilizer,  because 
this  nitrogen  is  unavailable. 
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Engineer  urith  the  Department  of  Tests,  United  Gas  Improvement  Co.^  Philadelphiaf  Pa, 


Classification.  The  industrial  gases  in  use  at  the  present  time  may 
be  divided,  roughly,  into  three  general  classes — coal  and  carburetted 
water  gas  and  their  various  mixtures;  the  different  classes  of  oil  gas, 
aqetylene,  gasoline  gas;  and  producer  gas.  The  first  class  is  by  far 
the  most  important  from  an  illuminating  standpoint,  while  producer 
gas  is,  of  course,  of  the  greatest  importance  for  fuel  and  power  use. 
The  other  gases  are  generally  employed  in  special  cases  where  the  use 
of  the  first  class  is  impossible  or  inconvenient. 

Development.  In  the  earlier  days  of  tlie  development  of  the 
industry,  gas  was  employed  primarily  as  an  illuminant,  and  to  the 
present  day  the  illuminating  value  is  usually  the  standard  prescribed 
by  regulations,  but  there  is  a  tendency,  which  was  started  in  Germany 
and  in  England,  to  discard  to  some  extent  the  illuminating*  standard 
and  to  substitute  for  it  a  standard  of  heating  value.^ 

In  spite  of  the  increase  in  competition  of  electricity  for  illumination 
and  its  use  in  many  forms  of  heating  and  power  purposes,  the  gas  industry 
as  a  whole  has  showTi  a  steady  and  constant  increase.  The  preliminary 
figures  of  the  late  census  which  give  the  data  available  for  the  year  1909, 
bear  this  out. 

GAS,    ILLI'MIXATIXO   AXD   HEATING 


1909. 


1901. 


c: 


\o  increaae. 


Number  of  establishments 

Capital 

Cost  of  materials  uscm.1 

Salaries 

Wages 

Miscellaneous  exi>enst*s 

Value  of  products 

Value  added  by  manufacture 

Numbered  of  salaried  officials 

Average  of  wage  earners  employcnl. .  . . 
Primary  horse-jwwer 


1.296 

$915,537,000 

52,428,000 

12,385,000 

20,931,000 

27,757,000 

166,814,000 

114,386,000 

13,515 

$37,215 

128.350 


1,019 

27 

$725,035,000 

26 

37.180,000 

41 

8,464,000 

46 

17,058,000 

23 

29,557,000 

-6 

125,145,000 

33 

87,965,000 

30 

9,406 

44 

$30,566 

22 

73,101 

76 

'  One  reason  for  this  iK'iug  the  increasing  u-^o  of  the  Welsbach  light,  which  depenids 
on  the  heating  value  alone  for  its  cfficieJicy. 
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Products.    Kind  and  Quantitt 


Total  gas,  M's  of  cubic  feet 

Straight  coal  gas 

Straight  water  gas 

Carburetted  water  gas .... 
Mixed  coal  and  water  gas . 

Oil  gas 

Acetylene  gas 

All  other  gases 

Coke,  bushels 

Tar,  gallons 


150,835,793 

19,985,253 

1,726,082 

79,418,486 

40,775,283 

8,688,860 

25,186 

216,643 

82,049,683 

92,152,938 


112,549,979 

12,693,034 

715,550 

54,687,418 

40,980,414 

3,441,352 

7,881 

24,330 

89,146,434 

67,515,421 


ESTIMATED  TOTALS  INCLUDING  COKE  OVEN  GAS 

Water  gas  (blue  and  carburotte<l) 103,000,000,000  cu.ft. 

Coal  gas  (retort,  by-product) 57,000,000,000 

All  other  gases  (oil,  acetylene,  etc.) 9,000,000,000 


( < 


<  ( 


34 

57 
141 

45 
-1 
152 
220 
790 
-8 

36 


Total  manufacture<l  gases 169,000,000,000 


( ( 


Estimated  Total  Residuals 


Coke 

Tar 

Ammonia  as  such. 


8,500,000  short  tons 
152,000,000  gallons 
49,000,000  pounds 


Constituents  of  lUuminating  Gas.  Commercial  gases  consist  of 
mixtures,  in  varying  proportions,  of  the  gases  or  vapors  whose  char- 
acteristics are  shown  in  the  following  table: 

PROPERTIES  OF  THE  IMPORTANT  CONSTITUENTS  OF  COMMERCIAL 

GASES^ 


Name. 


I 


Benzol 

Ethylene 

Hydrogen 

Carbon  monoxide 

Methane 

Ethane 

Carbon  dioxide.. 

Oxygen 

Nitrogen 

Air 

Steam  

Hydrogen    sul- 
phide   

Ammonia 

Cyanogen 

Carbon  disul- 
phide 


WciRht 
Specific  I      P«'r 
Oravity'  Cu.Ft. 
J>bs. 


2 . 6953 

.9676 

.0692 

.9671 

.5529 

1.0368 

1.5195 

1.0152 

.9701 

1.0000 

.6217 

1 . 1769 

.5888 

1.8000 


Specific 
lieat. 


.20640 

.07410 
.00530 
.07407 
.04234 
.07940 
.11637 
. 08463 
. 07429 
. 07658 
.04761 

.09012 
.04509 
. 13779 


3 


3754 

4040 

4090 

2450 

5929 

7070 

2163 

.2174 

.  2438 

.2374 

.4805 

.2423 
.  5083 
.2615 


Heating 
Value. 
B.T.U. 

per 
Cu.Ft. 


Heat  of 

Formation 

B.T.U. 

per  Lb. 


3807.5 
1588.0 
326 . 2 
323.5 
1009.0 
1764 . 4 


2.6298.20139    .1590 


672 . 2 

432 . 8 


-  229.3 

-  174.2 

+  1869.2 
+2435.6 
+  1713.6 
+3979.1 


+6870.4 

+  250.9 
+  1259.0 


1238.2   -2273.9 


1264.6   -6160.0 


Air  Re- 
quired for 

Cu.  Ft., 
per  Cu.Ft. 

Com- 
buRtion. 

Lbs. 
per  Lb. 

35.888 

13.313 

14.355 

14.836 

2.393 

34.624 

2.693 

32.471 

9.570 

17.312 

16.748 

16.156 

7.178 

6.111 

3.589 

6.111 

9.570 

5.323 

14.365 

5.466 

1 

Flat 

Flame 

Candle 

Power 

Burned 

atSCu.Ft. 

per  Hour. 

350-420 
68.5 


5.2 
35.7 


»  The  data  given  are  calculated  to  60°  F.  and  30.0"  Barometer. 
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In  addition  to  the  constituents  shown  in  the  table,  there  always 
exists  in  the  crude  gases,  before  purification,  traces  of  ammonia  and 
other  organic  compounds,  but  the  above  mentioned  constituents  may 
be  considered  as  those  important  to  the  industrial  chemist.^ 

The  relative  occurrence  of  the  commoner  constituents  in  some  of 
the  many  varieties  of  commercial  gases  is  given  in  the  table  below. 
These  typical  analyses  must  not  be  considered  as  standards,  but  rather 
expressing  the  average  composition  of  commercial  samples  as  obtained 
under  certain  conditions  with  the  process  mentioned. 


AVERAGE  COMPOSITION  OF  COMMERCIAL  GASES 


Ills 

% 

4.0 
13.3 
30.0 
51.9 

7.0 
96.0 

1.5 
31.3 

.0 

.4 

3.0 

CO 

% 

Hi 

% 

CH« 

.c 

C,H« 

c 

/C 

CO. 

Vc 

1.6 

3.0 

.2 

.0 

2.6 

O, 

Vc 

Nj 

% 

C.P. 

% 

1 

1  B.T.U. 

Coal  gas 

8.549.8 

29.5 
10.0 
45.0 
44.1 
34.6 

3.2 

3.2 

9.0 

.0 

A\  3.2 
.4   2.1 
.0    16 

16.1 
22.1 
43.0 
48.2 
19.7 
225.0 
16.0 
38.0 

622 

Carb.  water  gas 

Pintsch  eas 

30.4 

.1 

.1 

9.2 

37.7 

13.2 

2.7 

39.8 

643 
1276 

Blau  gas 

.0 

12 

1704 

All  oil  water  gas 

Acetylene  sas 

.2   6.6 

.8   3.2 
18.5  69  7 

680 
1350 

Gasoline  eas 

CeHus 
46.5 

=ia.3 

3.9 

.3 

3.4 
1.0 
2.3 

7.3 

5.4 

12.8 

4.9 

514 

Oil  ga« 

2.4 

40.9 

5.2 

15.0 

13.5 

50  8 
75.4 
64.2 

10.4 

13.2 

3.5 

32.7 

.0 

1.1 

1320 

Blue  water  eas 

.2 
10.4 
12.0 

.0 
.0 
.0 

.9 

3  5 

11.0 

299 

Ballon  eas 

.6      .7 
.2;  3.0 

375 

Methane-hydrogen  gas. . 

400 

Producer  gas  (coal) 

Producer  gas  (coke) 

Blast  furnace  gas 

Wood  gas  (pine) 

.2 

.0 

.0 

10.6 

1 

17.6 
25.3 
26.5 
27.1 

6.3 

.4 

.2 

21.5 

.0 
.0 
.0 

...... 

.758.1 
.655.2 
.156.9 
.4    2.6 

161 
137 
100 
607 

In  general,  then,  we  may  say  that  the  commercial  gases  are  mixtures 
of  gases,  hydrocarbons  and  vapors,  together  with  certain  permanent 
gases  produced  by  the  pyrodecomposition  and  polymerization  of  complex 
hydrocarbon  mixtures  or  compounds  either  alone  or  in  the  presence 
of  air  and  steam. 


'State  Commissions,  M.E.,  Sept.,  1910,  p.  222;  E.W.,  Feb.  3,  1910,  p.  226;  E.W., 
Aug.  5,  1910,  p.  291. 

Regulations  and  Testing:  A.G.L.J.,  Aug.  5,  1907,  p.  227;  L.J.,  Nov.  27,  1906, 
p.  601;  L.J.,  March  7,  1906,  p.  647;  G.W.,  Aug.  6,  1904,  p.  233;  P.A.,  July  1,1904, 
p.  319. 

Photometric  and  Heating  Value:  G.W.,  Feb.  18,  1911,  i).  192;  L.J.,  April  22,  1911, 
p.  227;  L.J.,Sept.  28,  1909,  p.  831;  G.W.,June  16,  1909,  p.  72;  L.J.,  July  13,1909, 
p.  199;  L.J.,  Oct.  13,  1909,  p.  117;  P. A.,  Sept.  15,  1908,  p.  559. 

Sulphur  Regulations.  P.A.,  June,  1,  1911,  p.  473;  L.J.,  Dec.  27,  1910,  p.  928; 
G.W.,  Dec.  4,  1909,  p.  707;  P.A.C.I.,  1909,  p.  453. 
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Mechanical  Coal  and  Coke  Handling  Devices.'  The  installations 
and  mechanical  means  for  handling  the  coal  and  coke  from  the  storage 
pile  to  the  retort  house  have  been  very  general.  Telfor  systems  have 
been  considerably  used,  yet  the  belt  and  bucket  tjix-  of  conveyor  system 
for  handHng  coal,  an<l  the  push  plate  convejor  running  in  a  trough  for 
coke,  seem  to  be  found  in  mast  general  use.  Figs.  215,  216,  and  217 
illustrate  a  typical  system  and  show  the  course  of  the  coal  from  the  dock 
to  the  storage  bins  over  the  retorts.  Formerly  the  coal  was  shoveled 
into  the  retorf*  by  hand,  and  when  carbonized  was  withdrawn  with  rakes. 
As  the  plants  increased  in  size  mechanical  forms  of  both  chargiiig  and 


Fia.  215. — UnloBdinR  Coal  at  Dock  and  Dumping  into  Tnicks, 

dischai^ing  machines  were  bruufiht  out;  u  number  of  commercial  types 
of  such  machines  are  illustrated.  For  the  short,  single  end  retorts  the 
Bronder  machines.  Fig.  218,  have  been  successfully  used.  For  the 
various  types  of  through  retorts  where  tlie  retort  varies  from  18  to  22  ft. 
in  length,  the  Fiddes-Aldridge  machine,  Fig,  219,  which  simultaneously 

'  CharKJUK  and  Dischiirgiim  Muchinei*:  L.J.,  July  31,  190C,  p.  306;  LJ.,  Juno 
2G,  1906.  p.  900;  G.W.,  June  16,  1906,  p.  1191;  L.J.,  Jnn.  9,  1906,  p.  103;  L,J.,  Aug. 
29.  lOO."),  p.  .^al;  L.J.,  May  17,  1904,  p.  436. 

Coal  Handling  Machinerv:  L.J..  Jan.  17,  1911,  p.  161;  L,J..  Aug.  2,  1910,  p.  319; 
E  W.,  July  7,  1910,  p.  23;  L.J.,  May  31.  1910.  p,  5.53;  G.W..  March  12, 1910,  p.  318; 
L.J,,  June  29,  1909,  p.  973;  P.A.G.L,  1909,  p,  .503;  P.A,,  May  15,  1909,  p.  418;  L.J., 
Feb.  9,  1909,  p.  373;  P.A.,  Aug.  1,  1906,  p.  480. 
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Fio.  216, — The  conJ  hnvinR  been  dumiwd  inio  hopper  from  trucks  is  crushed  and 
lransfeiTe<l  to  bucket  couveyora. 


Fio.  217. — This  illustration  shows  the  bupkets  loaded  and  on  tbeir  way  to  the 
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pushes  out  the  coke  charge  and  at  the  same  time  deposits  the  fresh 
charge  of  coal,  the  West  machine,  Fig.  220,  which  uses  scoops,  and  the 
De  Brower,  Figs.  221  and  222,  which  utilizes  centrifugal  force,  have  all 
been  developed  for  charging  the  coal  into  the  retort.  After  carbonizing, 
the  coke  is  pushetl  out  with  some  form  of  collapsible  ram. 

Manufacture  <rf  Coal  Gas.  Fig.  223  illustrates  what  is  known  as  a 
"  bench  "  and  consists  of  6  to  8  fireclay  vessels,  "  retorts"  ranging  from 
S  to  IS  ft.  in  length,  about  18  inches  wide  and  15  inches  high. 

Each  retort  is  filled  with  its  charge  of  coal,  the  cast-iron  door  closed 
and  clamped  into  position.    The  heat  is  now  applied  either  by  means 


Tib.  218. — Thin  illustration  slums  the  eonvejor  is  it  pnE^*s  over  the  rptorta  The 
machine  hplom  m  thp  Bronder  DibcharginK  Miihmo  Ihi--  ili-ihirno-'  ihree 
retorts  sin  iilliinrousU  with  T  headed  rak(^,  ojui  ilci  with  i  ■.teiiu  cvhnder 
lined  for  atop-(  ml  rftorts 

of  coal  in  the  older  system,  or  by  a  regenerative  iiietiiod  in  the  modern 
plants.  These  retortis  may  be  set  either  in  a  horizontal  or  inclined  position, 
but  in  the  latter  case  the  method  of  charging  and  discharpng  is  different 
from  that  given  above.  The  object,  however,  in  any  case  is  to  drive 
off  the  volatile  matter  which  consists  principally  of  gas.  Other  proilucts 
are  also  eliminated,  and  will  be  considered  in  due  course  of  time. 

The  manufacture  of  coal  gas  thus  consists  in  the  transformation 
of  the  potential  energy  of  a  set  of  solid  hydrocarbons  into  the  more 
convenient  gaseous  form  by  means  of  ilry  distillation,  ilurdock, 
who  is  probably  the  inventer  of  coal  gas,  distilled  the  coal  in  a  simple 
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iron  pot  over  a  fire,  and  to  a  certain  extent  this  is  still  the  basic  principle 
of  our  present  day  practice. 

Many  otlier  methods  of  carbonizing  have  been  propased  and  tried. 
These  may  l)e  classed  uniier  three  heads,  viz.:  (a)  the  use  of  internally 
heated  \-essels;  (6)  tlie  use  of  a  l>ody  of  ignited  coke;  and  (c)  the  use  of 
hot  gas  as  a  heat  carrier. 

Manj-  patents  have  l>ecn  taken  out  and  a  great  deal  of  experimental 
work  has  been  done  in  en(lea\'oring  to  perfect  processes  that  would 
utilize  these  principles,  but  in  general  they  have  failed  to  produce  a 
gas  that  could  coimiierciall\'  comijete  with  that  producetl  In  the  usual 


Fig.  219.— Fiddps  Alilridstc  f)n(-*^trokc  Machine.  The  char^iing  scoop  is  sectional  and 
jmsbos  tlic  coke  out  of  oiif  end  of  the  retort  aa  it  enters  with  the  fresb  chai^  at 
ilip  iithcr  end. 

system  of  carlwnizing  the  coal  in  an  externally  heated  retort.  The 
principal  causes  of  their  failure  have  been  the  time  required  for  the  complete 
distillation  of  the  coal  and  the  poor  quality  of  gas  produced,  due,  generally, 
to  its  decomposition  in  the  presence  of  the  high  temperatures  that  were 
necessarily  employed. 

There  are  three  general  methods  by  which  the  distillation  of  coal 
in  externally  heated  elosetl  retorts  is  carried  on: 

First,  the  use  of  relatively  small  charges  of  coal  which  do  not  com- 
pletely fill  the  enclosing  i-etort,  leaving  a  variable  free  .space  at  the  top. 
Tliis  would  represent  the  usual  horizontal  or  inclined  retorts. 
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Fio.220. — WwtCharginK  Machine,  opcrntw)  with  steam  supplieii  by  a  trolley  sj-slem. 
Cliuntcs  three  rctdrls  Hiiniiltimeoiii*ly.  8coO]i,i  carry  coul  into  ri'torl  and  finRers 
hold  ii  ill  [)liice  while  sroop  U  withdrawn. 


Fig.   221.— Do   Browcr-Jonkins   Disi'harpnK  Ham.     ICIeelrieally  operalcil.     Is 
and  hiwereil  (ii  take  rrlorls  at  ililTerrnt  levels. 
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Second,  the  use  of  relatively  large  thick  ehai^es  of  coal  which  do 
not  completely  fill  the  retort  and  leave  a  free  space  at  the  top,  such  as 
a  chamber  or  coke  oven. 

Third,  the  use  of  vertical  retorts  where  the  whole  periphery  is  heated 
and  filled  with  the  charge,  but  there  may  or  may  not  be  a  free  space 
above  the  charge  at  the  top  of  the  retort.  This  type  includes  the  various 
continuous  or  intermittently  chained  vertical  retorts  and  some  of  the 
modification.s  of  the  vertical  coke  oven. 

A  number  of  the  different  commercial  mo<lifications   of   apparatus 
designed   to    operate  under   the 
methods  just  describetl  arc  rep- 
resented in  Figs.  223,  224,  225, 
226,  and  a  modem  example  of 
each  type  will  Ije  descril>ed.     It 
will  be  noted  that  all  of  these 
forms    are  heated    by  proclucer 
gas,  generated  either  in  pro<hicprs 
built  as  an  integral  part  of  the 
bench  or  in  separate  plants.     The 
proper  and  efficient  operation  of 
a  producer,  and  the  maintaining 
of  a  uniform  and  effective  temp- 
erature in  the  carbonizing  chamb- 
ers, are  the  important  factors  in 
succes.sful  bench  operation.^ 
'         The  advances  that  have  been 
made   in    recent    years    in    the 
.  efficiency  of  many  of  our  manu- 
facturing processes  are  based  on 
Fm.   222.  —  De  Brower-Jenkins    Centrifugul   the  great  advance  we  have  made 
Charging   Mnchinc.    Elcel  ricnlly    operntJ>d.  in  our  knowledge  of  the  niechan- 
Haselcvnting  conveyor  to  [lick  up  coal  from    iy,n  ^f   combustion,   and    in    the 
lie      oca  a«iiy  p^'finements  and  methods  for  it 3 
accurate  control. 
The  important  factors  in  the  operation  of  the  producer  are  proper 

'ThrouRh  Horizontal:  P.A.,  April  15,  1910,  p.  .S41;  P.A.G.I.,  1909,  p.  352,  p. 
39K. 

American  WrlicnlH:  P.A.G.I.,  1909,  p.  393;   P.A.G.I.,  1908,  p.  550. 

Dessan  Vcrtieals:  L.J.,  June.  20,  1911,  p.  851;  PA.,  March  15, 1911,  p.  232;  L.J., 
April  19,  1910,  p.  1C7;  L.J.,  Jan.  4,  1910,  p.  27. 

Glovct-We3t  Verticala:  1.,  J.,  June  20,  1911,  p.  Mg;  L.J,,  Aug.  16,  1910,  p.  454; 
L.J.,  Nov.  2,  1909,  p.  316;  G,W.,  Sept.  25,  1909,  p.  354. 

Wordall-Duckham  Verticals:  L.J.,  June  20,  1911,  p.  857;  P.A.G.I.,  1908,  p.  384. 

Chamber  Ovens:  L.J.,  Aug.  9,  ISIO,  p.  388;  L.J.,  June  28,  1910,  p.  949;  L.J., 
May  26,  1908,  p.  602, 

Coke  Ovens:  P.A.,  May  1,  1911,  p.  364;  L.J,,  June  25,  1907,  p.  975. 
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regulation  of  the  drafts  and  the  admission  at  a  uniform  rate  of  tii^ 
requisite  quantities  of  primary  and  secondary  air  required  in  order 
that  a  suitable  temperature  may  be  mMntained,  and  to  insure  the 
efficiency    of  this    combustion    the    flue    gases    iiiuat    contain   a  high 


I'k;.  223.— American  Type  of  Vertinal  Retort,  Nine  retorts  in  bench.  Ri-lorts  ovnl, 
H)"Xl4"  111  loji,  16"x22"  at  botloni,  18'  8"  lonR.  Ono  iirodiiocr  of  larRc  grate 
area.  Primary  and  secondary  air  controUeti  wilh  \'enturi  meters.  Three  retorts 
on  one  standpipe,  which  are  charged  and  dischan^ed  at  one  time.  length  of 
charge  9  hours,  coal  and  coke  handled  by  conveyors.     Electrical  operation. 

percentage  of  carbon  dioxide  Accurate  commercial  instruments  are 
now  available  for  the  determination  and  the  control  of  all  of  these  factors. 
The  introduction  of  external  producer  plants,  where  the  gas  is  gen- 
erated and  partially  purified  before  being  admitted  to  the  benches,  seems 
to  promise  further  economies  in  the  fuel  necessary  to  carry  out  the 
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process  of  carbonization.  Other  mechanical  devices  have  been  introduce'.!; 
such  as  rocking  grates,  which  are  designed  to  continuously  remove  tlie 
ash  and  thus  result  in  more  uniform  fire  conditions,  and  mechanical 
devices  whereby  the  admission  of  the  primary  ami  Hccondarj'  air  may 
be  controlletl  to  correspond  to  the  varying  conditions  of  the  fuel  bed.' 


'  Genend  Theory:  Lc  Genio  Civil,  April,  23, 1910;  L.J.,  Jan.  8, 1907,  p.  89;  P.A.G.I., 
1907,  p.  740  ct  seq. 

ConHtruetion :  A.G.L.J.,  Feb.  7,  1910;  p.  243,  A.G.L.J.,  Sept.  27,  imW,  p.  763; 
A.G.L.J.,  July  6,  1903,  p.  5  pt  srq.;  P..\.,  April.  1,1903,  p.  151  et  eeq. 

Operation  and  AppUanceit:  G.W„  Feb.  8,  19U,  p.  199;  G.W.,  Mav  21,  1910.  p. 
630;  J.8.C.I.,  March  15,  1910,  p.  261;  I-.J.,  Get.  13.  1908,  p.  133;  I,.J.,  July  28, 1908, 
p.  254;  PA.G.I.,  1907,  p.  792;  I-.  J.,  July  30.  1907,  p.  310  et  seq.;  G.W,,  Nov,  10,  1906, 
p.  9:MJ;  P.A.,  July,  2,  1906;  p.  412;  L.J„  June  27,  1905,  p.  057  el  seq.;  G.W.,  Jun» 
e,  1905,  p.  1033;  G.W.,  Jan.  14,  1905,  p.  50;  P.A.C!,!..  Ass,,  1901,  p.  i. 
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The  saving  in  fuel  that  has  been  effected  by  the  use  of  more  accurate 
control  over  the  combustion  is  shown  by  the  following  table,  where 
the  fuel  used  In  the  producer,  when  calculated  to  pounds  of  coke  per 
thousand  feet  of  gas  made,  is  compared: 


Old  tyj>e  of  direct  fired 70  to  75  lbs. 

Full  depth  recuperative  bench  without  mechanicul  control  30  to  35  lbs. 

Mechanically  controlled  beiiclics IS  to  22  lbs. 


Fio.225. — Glover-WcKt  Continuous  Verticals.  Sectioniilelrvation  of  vertical  irtorl  house 
and  coal  stores.  Eight  retorts  in  a  bench.  Single  ]>roducer.  Retorts  are  heated 
by  sections.  ConI  falls  into  retort  by  gravity  aa  coke  is  removed  from  the 
bottom. 

Gas  Coal.  In  the  manufacture  of  coal  gas,  coal  witli  a  high 
volatile  content  is  generally  preferretl;  that  is,  a  coal  l>elonging  to 
the  bituminous  series  according  to  the  usual  luiethod  of  coal  classifica- 
tion. These  methods  of  classification  vary  somewhat,  but  usually 
depend  either  on  the  ratio  of  volatile  combustible  to  fixetl  carbon, 
or  upon  the  ratio  ofj  hydrogen  to  carbon,  as  dcterinined  by  ultimate 
analysis.     Such  a  classification  is  given  in  the  table  on   the  fol!ov,-:nfi: 
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COAL   CLASSIFICATION— GRUNER 


Dry  coal;  long  flaming,  non-coking 

Fat  g&s  coal;  porous,  brittle  coke 

Semi-fat  furnace  coal;  good  coke  but  i>orous 

Coking  coal;  best  grade  of  coke .  . , 

Lean  and  anthracite  coals;  non-coking 


Carbon. 

Hydrogen. 

Oxygen. 

75-80 

4.5-5.5 

15.0-18.5 

80-85 

5.0-5.8 

10.0-13.2 

84-89 

5.0-5.5 

5.5-10.0 

89-91 

4.5-5.5 

4.5-5.5 

90-93 

3.0-4.5 

3.0-4.5 

The  gas  coals  in  general  use  have  a  volatile  content  running  from 
32  to  40  per  cent  or  a  carbon  hydrogen  ratio  of  from  13^  to  17.  The 
analyses  of  a  number  of  American  coals  are  shown  in  the  table : 

PROXIMATE  AND  ULTIMATE  ANALYSES  OF  GAS  COALS 


State. 
Coal. 


Penna. 
Pittsburg. 


Moisture 1 .  07 

Volatile  matter I     39.24 


W.  Virginia. 
Fairmont. 


Fixed  carbon. 

Ash 

Carbon 

Hydrogen.  .  . 

Oxygen 

Nitrogen.  .  . . 
Sulphur 


50.92 

8.77 
82 .  47 
6.01 
6.81 
1.88 
2.83 
Heating  value,  B.T.U.  ])er  jmund    15353 


1.35 

36.92 

55.36 

6.37 

78.31 

5.26 

7.61 

1.55 

.90 

14164 


Kentupky, 

Straight 

Creek. 


Ohio. 

Hocking 

Valley. 


Ind.  Ter. 
nartshom. 


I 


1.92 

6.72     1 

36.56 

37 . 13     ' 

57.08 

50.32 

4.44 

5.83 

78.31 

69.42 

5.36 

5.35 

8.80 

16.27 

1.85 

1.46 

1.24 

1.67 

14319 

1 

12388 

3.87 
35 .  73 
50.05 
10.35 
69.85 

5.14 
11.38 

1.29 

1 .  99'; 
12620 


The  result  of  distilling  coal  at  various  temperatures  has  been  quite 
carefully  studied  by  a  num])er  of  observers,  and  it  has  been  found  that 
not  only  the  percentage  of  the  volatile  matter,  but  its  composition 
plays  an  important  part. 

It  is  notable  that  some  of  the  newer  Western  coals  yield  considerably 
less  gas  than  the  Eastern  coals  having  the  same  content  of  volatile 
matter.  The  ultimate  analysis  of  a  coal  does  not  throw  very  much  light 
on  its  suitability  for  the  manufacture  of  gas,  although  certain  general 
indications  may  be  derived  from  it.  In  general,  increasing  percentages 
of  hydrogen  result  in  more  volatile  constituents,  and  high  percentage 
of  oxygen  apparently  decreases  the  ^deld  of  gas  and  slightly  increases 
the  yield  of  tar.  The  higher  percentages  of  nitrogen  usually  result  in 
more  ammonia.  The  presence  of  sulphur  is  to  be  avoided  as  far  as 
possible,  yet  its  manner  of  occurrence  is  important  in  determining  whether 
it  will  be  volatile  and  go  off  in  the  gas  and  have  to  be  removed,  or 
whether  it  will  remain  in  the  coke.  Where  the  coke  is  to  be  used  for 
the  manufacture  of  water  gas,  the  composition  and  fusing  point  of  the 
ash  is  important,  while  in  case  it  is  to  be  used  for  foundry  work,  the 
absence  of  sulphur  and  phosphorus  is  essential.^ 

I  Nature  of  Reaction:  J.  fiir  G.,  Sept.  1,  1906,  p.  741  et  seq.;  Compt.  Rendu,  X, 
Int.  Gajs  Cong.,  p.  239;   B.  a  la  S.  a  E.,  p.  7;  Industrie,  1892,  p.  319. 


ILLUMIXATIX(;  (iAS  419 

From  the  high  temppraturps  and  considerable  amount  of  fuel  that 
are  employed  in  tlie  distillation  of  coal  we  would  expect  to  find  an  endo- 
thermic  reaction,  and  it  is  still  so  considered  by  some.  The  work  of 
Mahler,  Eucbane  and  others  has  shown  that  it  is  probably  slightly 
exothennic.  The  heat  given  off  by  the  distillation  varies  somewhat  with 
the  \olatile  content  of  the  coal  and  other  conditions,  but  averages  about 
350  B.T.U.  per  pound  of  coal. 

The  fuel  used  in  carrj'ing  out  the  process  Rpr\'ps  to  start  the  dis- 
tillation and  supply  the  sensible  heat  that  is  carried  off  by  the  evolved 
products. 


Fio.  22G, — tJiiemting  Floor  and  CharKinft  Liirry  \'ertif;il  Itctort  House. 

From  the  heat  balance  that  is  given  in  the  table  it  will  be  noted  that 
the  heat  given  off  by  the  reaction  is  but  a  Mnall  fraction  of  the  total 
heat  involved  an<t  may  lie  neglected. 

HEAT  BALANCE  WITH   A   REOEN'ER.ATIVE  BEXCH 

Per  100  lb;..  of  Cuai.  Cahbo.nizld 

Heat  ProducpiJ. 

By  combustion  of  coke 180553  B.T.U. 

By  formation  of  volatile  compounds 52637      " 

Total  heat  evolved 233190      " 
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Heat  Absorbed. 

As  sensible  and  latent  heat  of  flue  gases 58734  B.T.U. 

As  sensible  heat  of  gaseous  vapors 32166 

As  sensible  heat  of  coke 43148 

As  sensible  heat  of  clinker 1863 

By  radiation 48276      '' 

By  formation  of  volatile  compounds  ^ 3517 

By  decomposition  of  coal 45486 


Total  heat  absorbed 233190      " 

PERCENTAGE   DISTRIBUTION   OF   HEAT   LOSSES 

By  flue  gases 25 .  20% 

By  volatile  compounds 13 .  80 

By  coke 18.50 

57.50% 

By  radiation 20 .  70 

By  formation  of  volatile  compounds  .     1 .  50 

By  decomposition  of  coal 19.50 

By  clinker 80 

42.50% 

It  is  interesting  to  note  in  this  connection  that  in  the  example  quoted 
the  fuel  used  was  at  the  rate  of  30.2  lbs.  per  thousand  cubic  feet  of  gas 
made,  almost  exactly  what  we  would  expect  in  the  manufacture  of  car- 
buretted  water  gas  where  not  only  all  the  heat  necessary  for  the  reaction, 
but  also  about  one-third  of  the  total  heat  in  the  gas  comes  from  the  fuel. 

The  general  course  of  the  distillation  of  coal  is  influenced  by  a  number 
of  factors  and  these  may  be  summarized  into  the  general  statement 
that  under  any  given  condition  of  temperature  and  pressure  it  is  the 
rate  at  which  the  heat  penetrat-es  the  coal  particles  and  the  time  that 
the  gaseous  vapors  are  exposed  to  its  influence  that  determines  the  course 
and  results  of  the  distillation. 

The  coal  particles  acquire  the  temperature  of  the  retort  by  con- 
duction, radiation,  and  from  the  passage  of  the  heated  vapors  through 
the  charge.  The  rate  of  carbonization  toward  the  center  of  a  charge 
has  been  estimated  at  from  1.0-1.5  inches  per  hour  in  horizontal  retorts, 
0.5-.06  inch  in  vertical  retorts,  and  from  0.3-0.5  inch  in  coke  ovens. 
The  factors  that  influence  the  rapidity  of  heating  are  the  available  heat, 
head,  the  size  of  the  coal  particles  and  the  moisture  content.  In  general, 
in  order  to  secure  the  maximum  increase  in  temperature  the  coal  particles 
should  be  brought  into  intimate  contact  with  the  walls  of  the  retort, 
and  must  provide  a  certain  percentage  of  voids  for  the  circulation  of  the 
heated  gases,  while  an  increase  in  the  size  of  the  coal  particles  up  to  a 
certain  point  generally  yields  improved  results. 
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The  carbonization  of  the  coal  proceeds  in  three  general  stages: 

First,  There  is  a  preliminary  decomposition,  which  begins  as  soon 
as  the  coal  has  reached  a  temperature  of  from  350-400°  C;  and 
as  this  stage  is  quite  strongly  endothermic,  approaching  as  it  does  a 
fusion,  the  temperature  remains  practically  constant  until  completion. 

Second.  The  products  resulting  from  the  first  stage,  which  consist 
principally  of  the  higher  members  of  the  aliphatic  series  suffer  molecular 
rearrangement  with  the  fonnation  of  compounds  containing  probably 
less  than  three  atoms  of  carbon.  The  first  two  stages  take  place  almost 
simultaneously  within  the  charge  itself. 

Third.  The  gaseous  vapors  resulting  from  the  second  stage  when 
evolved  from  the  protecting  influence  of  the  coal  particles  are  acted 
upon  by  the  conducted  and  radiant  heat  of  the  more  highly  heated 
portions  of  the  charge  proper,  of  the  sides  of  the  containing  retort  and 
of  the  highly  heated  surfaces  with  which  the  vapors  may  come  into  contact. 

The  reactions  that  take  place  during  the  third  stage  are  very  com- 
plicated and  depend  upon  the  temperature,  time  of  contact  and  pressure. 
The  influence  of  these  factors  are  so  intermingled  that  it  is  difficult  to 
give  each  its  true  value  as  affecting  the  whole. 

There  results  from  the  distillation  of  coal  three  class(^s  of  products: 
gases — condensed  watery  solutions — condensiblc  hydrocarbons  and  a 
carlx)naceous  residue.^ 

These  products  are  known  commercially  as  coal  gas — ammoniacal 
liquor — coal  tar  and  coke.  The  average  distribution  of  the  elements 
in  the  coal  into  the^5e  products  with  their  analysis  is  given  in  the  tables 
below : 

COMPOSITION  OF  COKE 


(J'Tiiinn. 


EnjrliMh. 


Fri*nch. 


Carbon S4 .  70 

Hydrogen .  W 

Ojcygen .34 

Nitrogen 1 .  3S 

Sulphur .93 

Ash 9.42 

Moisture 2 .  27 


90 .  75 

.4') 

1.60 

1.20 

.60 

5.50 


84.35 

.67 

1.35 

.40 

1.06 

12.17 


American. 


81.34 

.57 

2.40 

.89 

1.04 

13.76 


ELEMENTARY   COMPOSITION   OF  COAL  GAS 


Horirontal.      Vertical.     '  Coke  Ovens. 


Carbon 53 .  67 

Hydrogen 21.04 

Oxygen 16 .  43 

Nitrogen 8.92 


ol .  i  f 

20.  S6 

17.56 

9.81 


51.95 
19.15 
13.05 
15.83 


French  HoriEngUshHor. 


57.09 

19.45 

19.65 

3.81 


58.62 

22.37 

15.34 

3.65 


1  For  a  general   cli<fUj-sion  of   the  theory  of  carbonization  see  P.A.G.  I.,  1908, 
p.  578,  and  P.Il.S.  A.,  Dec.  22,  1911,  p.  135  et  seq. 
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Carbon.. . 
Hydrogen 
Oxygen.  . 
Nitrogen . 
Sulphur . . 


COMPOSITION  OF   COAL  TAR 


1    Avoraieo.       HydrauHr.      ScriiMnT.      C'onde'nsiT. 


84.91         9().186 

9.65  4.84S 

3.50) 

1.60/ 

.34     I 


4.9t>6 


89.91 
4 .  945 

6 .  279 


87 . 222 

5 .  499 

6 .  279 


Holdor. 


85 . 183 
5 .  599 

9.218 


DISTRIBUTION  OF  COMPONENTS  OF  COAL   BY   DISTILLATION 


Coal. 

Coko. 

Tar. 

C;a.'». 

Liquor. 

Ash 

8.18 

8.18 

Moisture 

4.34 

4.340 

Carbon 

72.08 

56 . 453 

5.418 

10.209 

Hydrogen 

4.78 

.446 

.  378 

3.481 

.475 

Oxygen 

1        8.73 

.909 

.5(M 

,      3.516 

3.800 

Nitrogen 

.87 

.271 

.  042 

.374 

.183 

Sulphur 

1        1.02 

.712 

.308 

Totals 

100.00 

67.071 

6 .  342 

17.888 

1 

8.799 

GENERAL   DISTRIBUTION   OF   PRODr(a\S 

From  100  lb.^.  of  Coal 


Coal. 

Volatiles. .  . 

Coke 

Gaa 

Tar 

Ammonia  . . 


Horisont.ll. 
Yough. 

1 

Vertical. 
Westphiil. 

Coke  ( >vfrn. 
Dominion. 

Munifh  ChamborA. 
Snar. 

.      34.8'c 
68.6      lbs. 

26.1% 
71.0      lbs. 
16.3 

4.58 
.326 

34.6' c 
71.13  lbs. 
16 .  43 
3. .38 
.34 

31. 2' c 

,     67.88    lbs. 

18.4 

15.60 

.;       7.8 

6.19 

.229 

.239 

If  we  should  express  tlie  ultimate  conii)ositiou  of  these  products  as 
complex  molecules  the  decomposition  of  the  coal  might  be  represented 
by  the  following  equation: 

C367H28  lOaU  =  (^'28()H2608  +  C27H22C)2  +  5C 10H4 1O3  +  I4H2O. 

Coal  Coke.  Tar.  Gas.  Water. 

If  the  heats  of  combustion  are  calculated  by  the  Dulong  formula  it  will 
be  found  that  the  sum  of  the  heats  of  comi)ustion  of  the  products  is 
less  by  some  2.42  per  cent  than  the  heat  of  coml)ustion  of  the  coal,  so  that 
the  reaction  is  exothermic  by  about  339  B.T.L  .  per  pound  of  coal,  which 
represents  the  heat  liberated  and  thus  lost  during  the  distillation. 

The  relative  occurrence  of  the  constituents  of  these  products  is  in 
general  dependent  upon  the  complex  reactions  that  take  place  in  the 
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third  stage  of  the  carbonization.  As  at  the  temperature  of  their  for- 
mation these  pro(hu*ts  are  evolved  as  vapors  we  may  consider  them 
together  and  latcT  discuss  the  different  products  formed  by  condensation. 

The  theory  of  the  formation  and  molecular  rearrangement  of  the 
various  hydrocarbons  under  the  influence  of  heat  has  been  studied  by 
a  number  of  experimenters.  The  early  theory  propounded  by  Berthelot 
assumed  that  acetylene  was  tlie  primary  product  of  the  pyrodecompK)- 
sition  and  that  all  the  products  were  the  result  of  its  condensation. 
Many  other  workers  enlarged  this  idea,  but  from  the  more  recent  work 
we  do  not  look  for  the  primary  formation  of  acetylene  but  rather  expect 
a  splitting  off  of  the  terminal  hydrogen  and  carbon  atoms  with  the 
formation  of  residues  such  as  H2C=  and  HC=  which  according  to  the 
temperature  and  other  conditions  may  combine  with  each  other:  take 
up  hydrogen  or  decompose  into  their  elements.^ 

The  table  Ix^low  gives  the  general  direction  of  the  pyrocondensations 
at  the  lower  and  higher  temperatures.  It  assumes  that  the  simpler 
olifines  and  paraffines  are  the  result  of  the  first  two  stages  of  the  car- 
bonization and  shows  the  probable  products  due  to  the  influence  of  the 
higher  temperatures  that  are  effective  during  the  third  stage. 

Probable  (,'olrse  of  Rearrangement  of  Hydrocarbons 

Primary  Products:  Ethylene,  methane,  ethane  and  possibly  hydrogen. 

Ethylene  — ►  ethane+ met  hane+ hydrogen. 
Ethane  — >  acetylene + methane + hydrogen. 
Acetvlem*  — >  l)enzoI. 

Benzol  — >  fliphenyl,  anthracene,  phenanthene. 
Benzol + acetylene  — >  naphthalene. 
Benzol + ethylene  — >  styrolene  and  other  tarry  products. 
Styrolene+ benzol  — >  naphthalene  diphenyl.     Acetnaphthalene, 
anthracene,  and  phenanthrene. 

While  the  results  given  in  the  above  table  are  from  experimental  data 
the  tablets  below  will  give  the  results  of  actual  conditions  in  carbonizing 
as  affecting  the  composition  of  the  gas,  tar  and  coke  at  different  periods 
of  the  distillation  and  under  different  temperature  conditions. 

^  Deconiporiition  of  Coal:  Bull.  Xo.  32,  University  of  Illinois,  March  1,  1909; 
J.A.C.S.,  Sept.  1908,  p.  1450;  A.CJ.L.J.,  Oct.  12,  1908,  p.  621;  L.J.,  March  31,  UK)s' 
p.  823;  J.  fiir.  (J.,  July  25,  190S,  p.  609  et  seq.;  Trans.  C.  S.,  1908,  93,  p.  1975;  ¥. 
fur.  C,  Auj?.  4.  1<KM),  p.  66S;  T.C.S.,  irK)l,  79,  p.  1042;  F.C.8.,  1897,  71,  p.  41. 

Theory  of  HydrocaHxnis:  A.  «lo  C.  et  P.,  v.  6.3-69;  B.,  1877,  p.  8.53;  B.,  1S7S, 
p  1215;  A.C.,  V.  1S9,  p.  129:  B.,  1S.S5,  p.  S59;  J.f.0.,1886,  p.  595;  B.B.,  1896,  p.  2691; 
B.B.,  1890,  p.  84;  J.A.C.,  1S99,  p.  94S;  J.C.S.,  LS96,  p.  377;  J.f.G.,  1906,  p.  856;  B.B., 
1907,  p.  2134;  Z.A.C.,  1W7,  p.  29J. 
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RESULTS  OF  DIFFERENT   CARBONIZLVC;   TEMPERATURES 


Temperature StX)°  F. 

Yield,  cubic  feet  per  pound .4<)9 

Candle  power 

Candle  feet 

B.T.U I  r>23 

Tar,  gallons  ix?r  ton 12.0 

Coke,  per  cent 7S .  8 

Volatiles  in  coke '  22.04 

Ammonia,  pounds  per  ton .37 

Ills i       6.00 

CO '       4.00 

Hs !  19.66 

CH4 18.45 

C2H6 8.02 

CO2 7.80 

O2 60 

N2 3o.47 


1000^  F. 

1 .  233 
19.7 
24  29 
651 
23 . 8 
69 . 5 
13.00 
1.47 
5 .  85 
4.90 
22.03 
30.78 
7.84 
6.00 
.30 
23 .  23 


1200°  F. 


2.319 

18.9 

43.38 

745 

22.4 

67.8 
7.97 
2.29 
5.75 
4.70 

32.13 

36 .  53 
8.27 
3.45 
1.20 
7.97 


U00'»  F. 


3.601 

16.0 

57.6 

626 

28.6 

66.95 
5.88 
3.71 
4.50 
7.30 

39.70 

37.30 
1.60 
3.20 
1.35 
5.05 


The  effect  of  the  proper  and  reg;ulato(l  amount  of  superheating  is 
well  shown  by  the  superior  results  ol)tained  with  the  American  type 
of  vertical  retorts  which  are  not  completely  filled  and  the  upper  4-5  ft. 
of  the  retort  acts  as  a  fixing  chamber  as  against  the  German  type  in  which 
the  retort  is  completely  filled  and  no  fixing  surface  exists. 

It  will  be  noted  that  as  the  temperature  rises  and  the  time  of  exposure 
increases  (due  to  the  smaller  make  of  gases)  the  cliange  in  the  character 
of  the  products  closely  follows  the  direction  that  we  should  expect.  It 
must  be  remembered  in  studying  these  results  that  the  doubling  of  the 
volume  of  hydrogen  as  it  is  given  off  tends  to  mask  the  volumetric 
relations  of  the  other  hydrocarbons  whose  volume  is  not  doubled  and 
in  some  cases  results  in  a  contraction  of  volume.^ 

The  pressure  at  which  these  reactions  take  place  has  a  considerable 
influence  on  the  products  formed.  Owing  to  the  permeability  of  the 
retorts  if  too  low  a  pressure  is  maintained  furnace  gases  will  be  drawn 
in,  which  would  seriously  lower  the  candle  power  while  on  the  other 
hand  an  excessive  pressure,  by  retarding  the  evolution  of  the  gas,  tends 
to  result  in  excessive  decomposition  and  in  tlie  formation  of  graphitic 

1  Practical  Tests:  L.J.,  June  27,  1911,  p.  1002;  L.J.,  May  2,  1911,  p.  308  et  seq.; 
L.J.,  Jan.  31,  1911,  p.  299;  P.A.,  Oct.  1,  1910.  p.  857;  L.J.,  Juno  21,  1910,  p.  836  et  seq.; 
P.A.,  April  15,  1910,  p.  341;   L.J.,  Jan.  11,  1910,  p.  90;   P.A.Ci.l.,  1909,  p.  353. 

Results:  L.J.,  Sept.  0,  1910,  p.  0.j9;  L.J.,  Jan.  11,  1910,  p.  92;  L.J.,  Dec.  14,  1909, 
p.  747. 

\'ariation  during  Carborization:  P.  Knp.  Cons:.,  1907;  L.J.,  July  9,  1907,  p.  99; 
A.G.L.J.,  Dec.  10,  1907;  L.J.,  June  27,  llK)o,  p.  9:).');  L.J..  Dec.  10,  1889,  p.  1111; 
L.J.,  Feb.  14,  1888,  p.  281;  L.J.,  March  15,  1887,  p.  491. 

Retort  Hou.se  (Jovernor.*?:  L.J.,  Sei)t.,  20,  1910,  p.  779;  P.A.,  March  1,  1910, 
p.  160;  G.W.,  Aug.  8,  1908,  p.  157;  L.J.,  April  3,  1900,  p.  37. 
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carbon.  Experience  points  generally  to  a  balanced  pressure  just  equal 
to  that  of  the  atmosphere  and  it  should  be  maintained  as  nearly  con- 
stant as  possible.  This  latter  condition  is  probably  best  insured  by  the 
use  of  retort  house  governors. 


VARIATIONS  DURING   DISTILLATION 
Vertical  Retorts 


Hours  after  CharginK. 


Proportion  of  yield 

Candle  power 

Heating  Value 

Ammonia,  grain?  per  100  cu.ft. 

HxS,  grains  per  100  cu.ft 

Ills 

CX) 


16.8 
20.7 
701 
540 
510 
8.05 
8.90 


H, 38.25  37.80 

CH4 38.45  39.60  41 


CjHe. 

COj. . 
O,... 
N2. . . 


3.00 

1.95 

.40 

1.00 


2.70 

2.85 

.20 

1.65 


30 
1.70 
2.40 

.20 
1.50 


11.9 
17.9 
678 
250 
295 
5.60 
8.60 
39.00 
42.00 
1.30 
2.20 
.15 
1.15 


5th 

0th 

11.7    11.2 

15.0 

12.9 

625 

597 

250 

250 

285 

260 

4.10 

3.60 

7.05 

8.60 

44.15 

45.80 

39.60 

37.40 

1.95 

2.50 

.55 

.20 

2.60 

1.90 

9th 


9.6 

8.1 

542 

130 

180 

2.80 

7.70 


6.5 
1.9 
446 

70 
100 

.80 
7.60 


57.40  66.90 


27.00 

1.80 

.30 

2.00 


20.70 

1.90 

.30 

1.80 


5.2 

400 

40 

50 

.30 

6.30 

68.80 

18.60 

2.70 

.80 

2.50 


In  addition  to  the  other  gases  which  have  been  considered,  there  are 
present  ammonia,  cyanogen,  hydrogen  sulphide,  carbon  disulphide  and 
traces  of  some  other  organic  sulphur  compounds  that  need  not  be  con- 
sidered. The  ammonia  and  hydrogen  sulphide  both  appear  early  in 
the  distillation,  soon  reach  their  maximum  and  then  decline,  the  ammonia 
somewhat  faster  than  the  hydrogen  sulphide.  The  cyanogen  and  carbon 
disulphide  on  the  other  hand  gradually  increase  as  the  temperature  rises. 

There  seems  to  be  some  connection  between  the  proportion  of  ammonia 
and  cyanogen  which  has  been  explained  by  the  probable  reaction: 


NH 


2CX+3H2 
X2    +3H2 


The  critical  temperatures  of  maximum  yield  seem  to  be  about  450- 
480°  C.  for  ammonia  and  from  900-950°  C.  for  cyanogen.  When  the 
temperature  rises  above  1000°  C.  these  gases  seem  to  be  decomposed  into 
their  elements. 

The  ratio  and  quantity  of  hydrogen  sulphide  and  carbon  disulphide 
seems  to  vary  not  only  with  the  temperature  but  also  with  the  method 
of  carbonization  as  the  vertical  retorts  apparently  yield  less  fixed  sulphur 
compounds  than  the  horizontal  retorts  and  probably  more  hydrogen 
sulphide.  In  general  the  total  sulphur  compounds  in  the  gas  increase 
with  the  sulphur  in  the  coal,  but  a  table  below  shows  how  the  sulphur 
is  distributed  with  some  American  coals  when  tested  in  horizontal  retorts. 
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RELATION  OF  SULPHUR  IN  COAL  AND  COKE  TO  HYDROGEN 

SULPHIDE  AND  SULPHUR  COMPOUNDS 


Coal. 


Equality 

Marian 

Montana 

Cartersville. .  . 

Gaston 

Big  Muddy. .  . 
Youghiogheny 
Farmington. . , 
McAllister. .  . . 


Sulphur  in 
Coke. 


2.27 

2.38 

1.53 

1.28 

1.15 

.82 

.93 

.84 

.66 


HyilroRcn  .Sul-  Sulphur 

ptiidc  in  (ias.        Compounds. 


2190 
955 

910 
702 
340 
420 
400 
260 


45.51 
30.00 
45.30 
40.45 
65 .  23 
17.42 
17.28 
18.64 
12.00 


Coal  Tar.  In  addition  to  the  gaseous  hydrocarbons  formed  during 
the  third  stage  of  the  carbonization  the  very  complex  mixture  of  ring 
hydrocarbons  and  their  derivatives  having  boiling-points  considerably 
above  that  of  water  are  formed  and  condensed  into  what  is  known 
as  tar.  The  following  table  gives  a  comparison  of  tlie  distillation  of  a 
number  of  samples  from  the  different  methods  of  carbonization: 


Water  Gas 

Continuous      Intermittent 

Chamber 

Coke 

Horizontal. 

- 

Tar.         1     \'c'rticals.     i      Vertical.*}. 

Ovens. 

Ovens. 

Specific  gravity. 

1.081 

1. 

079 

1.123 

1.122 

1.155 

1 .  226 

Free  carbon. . . . 

.32%        3. 

4%     '       3.2% 

5.4% 

8.0% 

23.03 

Unsulphonated 

\.m^k    12. 

10.1% 

6.1% 

4.3% 

2.1% 

Coke 

23.1%        18. 

'  Vb 

22.7% 

24.6% 

33.5% 

52.67 

000-250 

.0             2.5 

.0 

.0 

.0 

2.6 

•   •   •   • 

.905 

•   ■   •   ■ 

•   •   •   ■ 

.961 

250-300 

.0 

1.5 

2.0 

2.0 

.0 

■   •   •   •  1 

.920              .921;             .898 

•   •   •   • 

•  •   ■   • 

300-350 

4.0             4-5 

1.3 

4.0 

.0 

.2 

.907 

.  925              .  933 

.904 

•    •    •    • 

■   •   •   * 

350-400 

5.4 

9.7 

7.0 

5.5 

.0 

2.0 

.929 

.963              .979'             .971 

■     •     •     • 

1.004 

400-450 

5.3            13.5 

11.0              13.5 

9.0 

6.9 

.974' 

.993'           1.008            1.018 

i.an 

1.029 

450-500 

11.9            11.5 

7.0 

10.0 

10.0 

11.4 

1.004 

1.022            1.030            1.025 

1.080 

1 .  039 

500-550 

8.2            11.5 

6.8                 3.8 

3.4 

5.7 

1.017 

1.055            1.050 

1 .  055 

1.098 

1.064 

550-600 

13.7           20.0 

8.1 

6.0 

4.8 

5.1 

1.038 

1.095            1.081 

1 .  079 

1.102 

1.117 

600-650 

13.0 

8.0 

}13.3 

9.3 

9.0 

7.5 

1.091 

1.189            1.113 

1 .  104 

1 .  120 

1 .  132 

650-700 

8.5 

22 . 0 

9.4 

10.2 

1.7 

1.123 

[           1.156 

1 .  135 

1.187 

1.158 

700-750 

8.0 

9.2 

9.5 

4.4 

1.176 

I 

1 .  165 

1.192 

1 .  185 

Above  750 

1 
•    •••                        !••■• 

1 

1 

3.1 

1 .  225 

10.2 

1 .  200 
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This  shows  the  variation  in  the  character  of  the  li ydrocarl )ons  tliat 
are  formed  with  the  increasing  time  of  di.stillalion  ami  increase,  in  tem- 
perature. The  increasing  gravity  and  the  liigher  fixed  carlion  content 
<Ienote  the  increasing  complexity  of  the  hydrocarbons  formed. 

The  utilization  of  coal  tar  has  given  rise  to  an  industvj-  that  is 
increasing  rapidly  in  impoitance  in  the  United  States  ami  hids  fair  to 
approach  at  least  the  position  it  assumes  in  (leniiany  and  Kiigland. 

Coke.  The  coke  or  carbonaceous  residue  that  remain^  in  the  retort  is 
influenced  by  the  methods  and  temperatures  employed  in  the  distillation. 
The  coke  protluced  in  the  ordinary  retorts  where  the  charge  of  coal 
is  small  the  time  short  and  temperature  rather  low  is  poro\is,  soft, 
and  contains  several  per  cent  of  volatile  material.     .As  the  size  of  the 


FlO.  227. — Ko|ii>iT  t'ukc  Ovpiis.  Three  chambers  healpil  by  oiw  y-i-ucrMuT.  Cliambers 
H'  lonK,  8'  high,  17"Xl8i"  in  width.  HeatinR  is  by  vcriiral  fliie.s.  Kui-h  ,-ot  of 
chambers  ha»  a  sopariile  hyilruiilic  main,  t'hambi^i's  arc  char^iil  frnin  lo|i  ot 
larry  and  the  coke  Is  pushed  out  with  a  ram.     Charce  y  iibnul  4  irin.-;  iif  '■oal. 

charge  increOi^es  and  the  time  is  lengthened  the  coke  loses  the  volatile 
matter,  heconies  harder  and  more  metallic  in  appearand'  anil  is  stnmKer 
and  denser  so  that  it  becomes  available  for  foundry  i)urp<iM-s.  In  the 
coke  oven,  Fig.  227,  where  the  charge  is  still  larger  and  the  time  extends 
to  24  hours  or  in  the  bee-hive  ovens  to  48  hours  the  mo.-t  valuable  grades 
of  coke  for  iron  and  steel  industry  are  produced.  Tlie  dMi--e  chai^actcr 
is  dependent  apparently  u|K»n  the  length  of  time  the  cuke  is  acted  njion 
by  the  heat  and  upon  the  weight  of  the  charge  whicli  causes  a  com- 
pression within  itself. 

A  table  of  analyses  of  the  coke  from  the  different  processes  shows 
clearly  the  above  variation  in  physical  charactenstics. 
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COMPARATIVE  COKE  ANALYSES 


Moisture 

Volatile  compounds 

Fixed  carbon 

Ash 

Sulphur 

Ileal  gravity 

Per  cent  of  coke .  . 
Per  cent  of  cells. . . 


Rotort  Coke 
( )vens. 

1.25 

1.61 

86.66 

10.48 

.77 

1.90 

49.49 

50.51 


Vertical  Retort. 


Horixontal 
Retort. 


1.35 

2.57 

1.73 

3.84 

87.40 

86.05 

9.52 

7.54 

.99 

.96 

1.82 

1.73 

59.25 

53.89 

40.75 

46.11 

Gas.  The  gas  as  it  issues  from  the  coal  passes  out  through  the  mouth- 
piece and  up  the  ascension  pipe,  and  by  means  of  the  dip-pipe  enters 
the  hydraulic  main.  This  acts  as  a  seal  to  prevent  the  gas  escaping 
from  the  hydraulic  main  back  into  the  retort  when  the  mouth-piece 
is  open  for  charging  or  discharging.  Fig.  228  shows  the  general  plan  of 
<;oal  gas  plant. 


'8 


n*iM. 


ffc 


*       CbMorisiscM 

T«.«»  !  -  1   . 


Fig.  228. — Outline  of  Conden.sation  and  Purification  of  Coal  Ga.s. 

Ordinarily,  there  is  an  ascension  pipe  for  each  retort,  but  in  some 
cases  one  ascension  pipe  serves  three  retorts,  whicli  are  set  directly  above 
one  another.  This  system  is,  of  course,  only  appUcable  where  the  retorts 
are  charged  and  discharged  simultaneously  by  machinery. 

Hydraulic  Main.  The  desirability  of  the  use  of  a  liquid  seal  in  the 
hydraulic  main  is  subject  to  some  question,  and  there  are  a  number  of 
methods  proposed  and  in  use  whereby  this  seal  may  be  lowered  after 
the  retort  has  been  charged,  thus  putting  the  retort  in  direct  connection 
with  the  hydraulic  main,  and  then  raising  it  so  that  the  retort  is  sealed 
off  when  the  lids  are  opened  for  charging  and  discharging.  Valves  of 
different  design  have  also  been  used  for  this  purpose.^ 

When  the  hot  gases  come  in  contact  with  the  liquid  in  the  hydraulic 
main,  a  certain  amount  of  tar  is  deposited;  this  is  removed  automatically 
from  the  main  in  order  that  it  mav  not  come  into  direct  contact  with 

ft 

the  gas,  and  thus  cause  a  deterioration  of  the  candle  power. 

The  crude  gas  leaves  the  hydraulic  main  at  a  temperature  of  from 
65  to  75°  C,  and  contains  a  number  of  impurities — tar,  ammonia  sul- 
phuretted hydrogen,  organic  sulphur  compounds,  naphthalene  and 
cj'anogen — which  mu.st  be  removed  in  whole  or  in  part  before  the  gas 

1  Hydraulic  Mains:  G.W.,  Doc.  11,  1909,  p.  721;  A.G.L.J.,  Nov.  5,  1906,  p.  809. 
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is  considered  ready  for  distribution,  and,  furthermore,  the  gas  must  be 
brought  down  to  the  ordinary  temperature.  The  average  content  of 
the  impurities  in  the  crude  coal  gas  is  given  below. 

IMPURITIES  IN  CRUDE  COAL  GAS 


1 
Impurity.                                  Percentage  by  Volume. 

Grams  per  100  Cu.Ffc. 

Hydrogen  sulphide 

Ammonia 

.4      -1.6 
.48    -1.26 
.05    -  .135 
.0085-  .046 

250-1000  sometimes  3000 
150-400  occasionally  550 

Cvanocen 

25-65 

Organic  sulohur 

12-65 

Condensers.    As  regards  the  illuminating  value  of  the  gas,  the  most 
important  impurity  to  be  removed  is  the  tar.    At  the   temperature  at 

which  the  gas  leaves  the  hydraulic  main  the 
tar  exists  principally  as  a  fog,  and  also  as  a  vapor, 
which  will  condense  with  a  lowering  of  the  tem- 
perature. The  first  step  then  is  a  reduction  of  the 
temperature  in  the  primary  condensers.  These  are 
illustrated  in  Fig.  229,  and  may  be  operated 
with  either  air  or  water  as  the  cooling  agent.^ 

Tar  Extractor.  On  leaving  the  primary  con- 
densers, in  which  some  of  the  tar  is  deposited,  the 
gas  is  passed  into  some  form  of  tar  extractor, 


ri(i.  229.— I>|ilil('jri,:iitinK 
Condenser. 


Fir,.  230.— Tar  Separator. 


*Tar  Removal:  London  Journal  of  Gas  Lighting?,  May  30,  1911,  p.  602;  Nov. 
22,  1910,  p.  575;   Xov.  1,  1910,  p.  324;  Oct.  13,  190S.  p.  139;  June  4,  1907,  p.  660. 

Condensation:  Progressive  Age,  Oct.  1,  1910,  p.  869;  London  Journal  of  Gas 
Lighting,  June  28,  1910,  p.  953;  Oct.  25,  1908,  p.  58;  American  Gas  Light  Journal, 
Jan.  31,  1910,  p.  203. 

Naphthalene:  J.f.G.,  May  27,  1911,  p.  496;  L.J.,  Aug.  30,  1910,  p.  581:  L.J., 
March  15,  1910,  p.  723;  G.W.,  Sept.  11,  1909,  p.  301;  L.J.,  Sept.  7,  1909,  p.  627; 
G.W.,  May  8,  1909,  p.  624;  L.J.,  March  16,  1909,  p.  783. 
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the  usual  form  licing  that  of  the  P.  &  A.,  which  consists,  as  shown  in 
Fig.  230,  of  a  drum  composed  of 
a  series  of  perforated  sheets  con- 
sisting of  alternate  series  of  small 
holes  and  blanks  so  arrai^ed  that 
the  blank  spaces  ia  one  set  of 
sheets  opposes  the  perforat«l 
sections  in  the  atljoining  sheets. 
Another  form  of  apparatus  is 
known  as  the  washer-scrub- 
ber. In  this,  the  gas  passes 
through  a  numljer  of  small  open- 
ings into  contact  with  anmionia 
liquor,  the  action  of  the  water 
causing  the  tar  particles  to  coa- 
lesce and  be  condensed.  It  is 
found  that  the  most  efficient 
operation  for  the  removal  of  tar 
requires  a  temperature  of  from 
105  to  115°  F. 

Exhauster.      The  gas  is  now 
,  Fig.  231,  which  operates  to  maintain  a 


Fiti.  231.— Exhuuster. 


passe<l  through  the  exhanster, 
constant  pressure  in  the  re- 
torts and  to  furnish  the 
pressure  necessary  to  over- 
come the  resistance  of  the 
train  of  purifying  appara- 
tus, and  to  force  the  gas 
into  the  storage  holder. 

Scrubber.  From  the  ex- 
hauster the  gaii  passes  into 
the  naphthalene  scrubbers. 
These  scrublwrs,  Fig.  232, 
are  composed  of  horizontal 
cylinders  divided  by  a  num- 
ber of  vertical  partitions. 
A  central  shaft  carries  a 
disk  made  up  of  a  large 
numlier  of  short  wooden 
rods  set  parallel  to  the  axis 
of  the  shaft,  and  arranged 
so  that  as  they  revolve  they 
dip  into  the  contents  of  the 
scrubl>er,  and  on  rising  pre- 
sent a  large  wetted  surface 


¥t<:.  -r-i-l.-    V-  <t  \.  Tiii-  I- 
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in  contact  with  the  stream  of  gas.  A  heavy  tar  oii,  such  as  anthracene 
oil,  water  gas  tar  or  vertical  retort  tar,  is  the  material  generally  used 
for  the  removal  of  naphthalene. 


Fig.  233. — Thermostat   used   in  securing  uniform    ronilcnsinE    Icnipcrntiira    by 
automalkally  regulating  the  supply  of  cooling  wnter. 

When  cyanogen  is  extracted  it  is  usually  removed  by  means  of  a 
washer  similar  to  the  naphthalene  washer.  The  solutions  used  vary 
according  to  the  processes  employed,  but  they  usually  consist  of  an  alkaline 
solution   of   ferrous    sulphate.     The   gas   now   passes   to   the   ammonia 


Via.  234.— Hol;iry  Ammonii  or  N;i;)!i;lvilc:i<'  Scrubber, 

scrubl)er3,  Fig.  234.  In  order  that  the  absorption  of  ammonia  by  water, 
which  is  usually  used  to  remove  it,  will  be  complete,  it  is  necessary  that 
the  temperature  of  the  gas  be  reduced  to  about  60°.  This  reduction  in 
temperature  is  secured  in  the  secondary  condensers;  these  are  always 
water  cooled  in  order  to  secure  the  low  final  temperature  that  is  necessary. 
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This  absorption  was  formerly  carried  on  in  large  towers  filled  Tilth 
cobble  stones  or  boards,  or  other  devices  exposing  a  large  surface,  which 
was  kept  moistened  by  water  or  weak  liquor  passing  down  from  the 
top.  This  form  of  scrubber  has  been  generally  replaced  ]\v  the  more 
compact  washer-scrubber  similar  in  construction  to  that  described  for 
cyanogen  removal.  In  these  mechanical  scrubbers  the  ammonia  is 
completely  removed  by  the  use  of  from  10  to  15  gallons  of  water  per  ton 
of  coal  carbonized,  and  as  the  gas  is  at  the  same  time  brought  into 
contact  with  the  concentrated  ammonia  liquor  at  the  inlet  end  of  the 
scrubber,  a  considerable  proportion  of  sulphuretted  hydrogen  and  carbon 
dioxide  is  also  removed. 

REMOVAL  OF  IMPURITIES  IX  CRUDE  COAL  GAS  BY  COXDEXSATIOX 

AXD  SCRUBBIXG 


Uydrojren  Sulphide  Ammonia.  i     TCarbon  Dioxide. 

Grams  per  100Cu.Ft.;Grams  perl(K)  Cu.Ft.    Per  Cent  by  Volume. 


Outlet  of  exhauster 

Outlet  of  condensers 

Outlet  of  lower  scrubbers. . 
Outlet  of  rotary  scrubbers 


610 

223 . 1 

2 .  57 

590 

19(5.4 

2.34 

470 

93.1 

1.98 

400 

.37 

1 .  58 

Ammonia  Liquor.  The  ammonia  liquor  and  tar  that  are  removed  in 
the  different  points  in  the  condensing  and  purifying  system  are  collected 
and  passed  through  what  is  known  as  a  separator.  In  this  apparatus, 
the  stream  of  mixed  liquor  in  passing  through  the  separator  is  baffled 
and  turned  in  its  course  a  number  of  times,  so  that  the  tar  which  has  a 
specific  gravity  of  1.2,  and  higher,  falls  to  the  bottom  and  may  be 
removed,  while  the  liquor  rises  to  the  top  and  may  be  pumped  off  to 
the  ammonia  storage  tanks. 

A  number  of  processes  have  been  invented  for  the  extraction  of  the 
ammonia  from  the  heated  gases,  and  the  immediate  formation  of  soluble 
ammonium  salts.  Among  these  are  the  processes  employed  by  the 
Otto  Hilgenstock  Coke  Oven  Co.,  the  Koppers  Process,  and  the  com- 
bination purifying  and  ammonia  extraction  process  of  Burkheiser  and 
Feld. 

The  remaining  impurities  in  the  gas  are  sulphuretted  hydrogen  and 
organic  sulphur  compounds. 

Purifiers.  The  sulphuretted  hydrogen  is  generally  removed  l)y  passing 
it  through  large  vessels,  called  purifiers.  Figs.  235  and  236,  where  it  is 
brought  into  contact  with  some  form  of  ferric  oxide.  There  is  con- 
siderable discussion  as  to  the  exact  reactions  which  take  place.  The 
probable  reactions  are 

Fe203+3H2S  =  Fe2S3+3H20 

and 

Fe20'^+3H2S  =  Fe2S+S+3H20. 
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It  seems  likely  that  these  two  reactions  take  place  simultaneously,  and 
the  proportions  of  ferric  and  ferrous  sulphide  formed  are  dependent 
upon  the  nature  of  the  oxide  and  the  other  conditions.  It  is  said  to  be 
in  the  relation  of  three  parts  ferric  to  five  parts  ferrous  sulphide.  When 
the  oxide  has  become  saturated  it  is  removed  from  the  purifiers  and  exposed 
to  the  air,  where,  under  the  influence  of  the  atmospheric  oxygen,  ferrous 
oxide  is  formed  and  free  sulphur  set  free.^ 

In  order  to  take  advantage  of  this  reaction,  small  quantities  of  air 
are  sometimes  admitted  to  the  crude  gas  before  entering  the  purifiers, 
the  oxygen  in  which  reacts  with  the  partially  fouled  purifying  material, 
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Fig.  235.— Water  Sealed  Purifier,  Shallow  Type. 

and  thus  considerably  increases  the  length  of  time  before  it  is  necessary 
to  remove  it. 

The  purifying  material  is  composed  of  either  a  natural  ferric  oxide, 
or  is  made  by  coating  shavings  or  other  porous  material  with  rusted 
iron  borings. 

In  the  older  type  of  purifiers  the  oxide  was  contained  in  shallow  cast- 
iron  boxes  provided  with  water  sealed  lids,  the  oxide  being  carried  on 

^General:  London  Journal  of  Gas  Lighting,  Sept.  15,  19013,  p.  676  ot  soq.;  June 
4,  1907,  p.  658;  Progressive  Age,  November  15,  1904,  p.  584. 

Theory:  Gas  World,  Aug.  25,  1905,  p.  356;  Feb.  8,  1908,  p.  158;  Feb.  15,  1908, 
p.  198;  London  Journal  of  Gaa  Lighting,  Sept.  1,  1908,  p.  5S2;  Gas  World,  April  16, 
1910,  p.  493. 

Removal  of  CS:  Gas  World,  Aug.  21,  1909,  p.  227;  Oct.  22,  1910,  p.  487. 

Special  Processes:  London  Journal  of  Gas  Lighting,  Aug.  23,  1904,  p.  527  et  seq.; 
Gas  World,  March  18,  1911,  p.  343;  London  Journal  of  Gas  Lighting,  June  28,  1910, 
p.  959;  March  15,  1910,  p.  729;  Journal  des  Usines  h.  Gaz.,  Nov.  5,  1909,  p.  326. 
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wooden  trays  in  two  la3'ers  of  about  30  ins.  each.  These  boxes  were 
arranged  usually  in  sets  of  four  or  six,  and  so  connected  with  valves 
that  the  sequence  of  boxes  could  be  varied  at  will,  and  any  box  could 
be  removed  from  service  for  cleaning. 

It  has  now  been  found  more  economical  to  put  the  oxide  into  only 
two  or  three  large  boxes,  building  these  either  of  steel  or  concrete  out 
of  doors,  and  thus  saving  expensive  buildings. 

Widely  divergent  views  are  held  as  to  whether  it  is  the  time  of 
contact,  the  velocity  of  flow,  or  the  total  volume  of  the  oxide  in  use 
that  is  the  determining  factor  in  calculating  the  apparatus  necessar>' 
for  the  purification  of  the  gas.  It  is  usually  estimated,  however,  that 
with  the  use  of  a  slow  velocity  a  certain  total  volume  of  purifying 
material  is  required. 


Fig.  286. — Dry-sciil  Purifier.     Deep  Cheef«e-box  Type. 

The  economical  volume  of  oxide  and  its  uses  are  functions  of  the 
capital  charges  for  installation  and  the  cost  of  changing  and  revivifying 
the  fouled  oxide. 

In  the  older  tj-pe  of  purifiers,  using  a  number  of  boxes  of  relatively 
large  area,  with  layers  of  oxide  from  3  to  5  ft.  in  depth,  it  was  usually 
assumed  that  1  sq.ft.  of  area  in  a  box  would  purify  about  1500  eu.ft. 
of  coal  gas  per  24  hours.  At  present,  the  tendency  is  to  concentrate 
the  oxide  in  two  or  three  large  circular  boxes  where  the  oxide  is  10-15 
ft.  deep.  Here  the  usual  allowance  is  about  300  cu.ft.  of  gas  per  cu.ft. 
of  oxide  per  24  hours. 

In  testing  the  operation  of  the  purifiers,  we  find  that  the  first  box 
removes  the  greater  portion  of  the  hydrogen  sulphide,  and  that  as  the 
percentage  of  sulphur  decreases  it  becomes  increasingly  diflScult  to  remove 
it.  The  purifiers  are  usually  arranged,  therefore,  so  that  at  least  one 
box  is  kept  filled  with  fresh  and  active  oxide  to  retain  slight  traces  of 
sulphuretted  hydrogen  which  might  pass  through  tKe  other  boxes  which 
remove  the  bulk  of  the  impurity. 
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With  the  repeated  revivifications  of  the  oxide,  free  sulphur  accumulates 
to  such  a  point  (40  to  50  per  cent)  that  it  mechanically  coats  the  iron, 
so  that  the  efficiency  of  the  oxide  is  slightly  reduced. 

When  the  cyanogen  is  not  removed  it  combines  with  some  of  the 
iron,  forming  Prussian  blue;  this  takes  place  at  the  surface,  and  further 
reduces  the  efficiency  of  the  oxide.  Some  analyses  of  spent  oxide  are 
given  showing  the  approximate  content  of  Prussian  blue,  sulphur,  etc., 
that  may  be  expected. 

ANALYSES  OF  SPENT  PURIFi^ING   MATERIAL 


Times  used 

Weight  per  bus.  dry 

Original  moisture 

Analysis  on  dried  simple 

Ferric  oxide 

Metallic  iron 

Free  sulphur 

Prussian  blue 

Tar 

Shavings 


Coal  Oiw. 

Water  Gas. 

12 

19 

39.24  lbs. 

61.61  lbs. 

21.20% 

7.31% 

26.71% 

36.87%, 

.06% 

■ 

54.56% 

36.84 

2.56%- 

4.11% 

13.54% 

12.00% 

12.75% 

When  the  gas  was  formerly  purified  with  slaked  lime,  partially 
sulphided  Ume  reacted  with  the  organic  sulphur  compounds,  and  thus 
removed  a  considerable  portion  of  them.  With  the  present  almost  uni- 
versal use  of  iron  oxide,  however,  a  much  smaller  proportion  of  the  organic 
sulphur  is  taken  out.  The  small  percentage  that  is  removed  is  undoubtedly 
due  to  its  solvent  action  on  the  free  sulphur  present  in  the  purifying 
materials.  A  number  of  processes  have  been  proposed  for  the  removal 
of  organic  sulphur,  but  in  general  they  have  not  proven  very  successful. 
Among  these  processes  is  the  use  of  aniline  in  combination  with  a 
metallic  oxide,  clay  mixed  with  the  regular  purifying  material,  and  the 
use  of  mixtures  of  anthracene  oil  with  certain  resinous  compounds.  In 
this  connection,  mention  should  be  made  of  a  process  developed  for 
use.  with  the  all  oil  water  gas  on  the  Pacific  Coast.  In  this  process,  the 
gas  is  passed  through  heated  checkerbrick,  whereby  the  organic  sulphur 
compounds  are  broken  up,  forming  hydrogen  sulphide,  which  is  then 
removed  by  the  ordinary  form  of  oxide  purification. 

Benzol  Enrichment.  In  the  ordinary  process  for  the  manufacture 
of  coal  gas  the  photogenic  value  of  the  gas  is  sometimes  lower  than  that 
desired,  and  in  the  absence  of  a  carburetted  water  gas  plant,  which  is 
the  most  economical  and  efficient  method  of  enriching  and  controlling 
the  candle  power  of  the  gas,  the  most  available  method  for  enriching 
is  the  addition  of  benzol  vapor.  ^ 

»  Benzol  Enrichment:  PA.G.I.,  1909,  p.  91;  P.A.G.I.,  1908,  p.  247;  P.A.,  May  1, 
1908,  p.  280;  P.A.,  May  15,  1905,  p.  232  ct  seq. 
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Theoretically,  coal  gas  should  be  able  to  carry  over  3  per  cent  of  benzol 
vapors  at  32°  F. ;  this  would  result  in  a  gas  of  about  30  c.  p.  Practically, 
however,  this  result  is  not  attained.  This  is  due  to  the  varying  compo- 
sition and  resulting  vapor  tensions  of  the  benzol  vapor  added  and  of  the 
hydrocarbon  vapors  already  present  in  the  gas.  The  enriching  power 
of  benzol  may  vary  from  13,000  to  38,000  candle  feet  per  gallon;  the 
usual  commercial  figures  are  from  20,000  to  24,000.  In  general,  the 
efficiency  of  the  enrichment  decreases  as  the  volume  of  vapor  increases 
and  with  the  higher  initial  candle  powers. 

The  most  successful  results  are  now  attained  by  scrubbing  the  gas 
with  a  heavy  oil,  thus  removing  all  condensible  constituents,  and  then 
re-enriching  with  a  high  grade  of  benzol. 

Water  Gas.  The  manufacture  of  water  gas  depends  upon  the  decom- 
position of  steam  by  the  action  of  incandescent  carbon.  The  gas  made 
by  this  reaction  is  called  "  blue  gas,"  and  while  it  has  a  heating  value 
of  about  300  B.T.U.  per  cubic  foot  it  is  non-luminous.  In  order  to  render 
the  flame  luminous  it  is  necessary  to  add  some  hydrocarbon  that  will 
liberate  free  carbon  in  the  flame.  Many  early  patents  were  taken  out 
to  do  this,  but  the  process  did  not  become  important  until  the  Pennsyl- 
vania petroleums  became  commercially  available. 

The  modem  apparatus  is  the  development  of  the  Lowe  apparatus 
that  was  patented  in  1872-1875.  In  it  present  form  it  is  a  very  efficient 
process,  as  ever>'  feature  has  been  considered  both  from  a  theoretical 
and  operative  standpoint.  The  supply  of  air  and  steam  is  metered. 
The  temperatures  in  the  fixing  chambers  is  controlled  with  electric 
pyrometers  and  the  sensible  heat  in  the  off-going  blast  and  illuminating 
gases  is  recovered  in  greater  part  in  economizer  boilers  that  return 
sufficient  steam  to  operate  the  plant. 

The  apparatus  shown  in  Fig.  237  has  a  capacity  of  1,500,000  cu.ft. 
per  day,  but  units  having  a  capacity  of  3,000,000  cu.ft.  per  day  are  in 
regular  operation. 

Operation.  The  operation  of  a  modem  plant,  Fig.  237,  is  as  follows: 
The  generator  is  charged  with  the  fuel  through  the  coaling  door  A.  After 
ignition,  it  is  raised  to  a  point  of  incandescence  by  a  blast  of  air  supplied 
under  a  pressure  of  from  16  to  20  ins.  through  the  blast  pipe  B,  passing 
through  the  interlocking  valve  C,  which  is  so  connected  that  it  will  be 
impossible  for  the  blast  and  the  gas  to  come  together  and  thus  cause 
explosions.  The  air  passes  down  through  the  Venturi  meter  D  and  is 
controlled  by  the  valve  £,  where  it  enters  the  generator  beneath  the 
grate,  passing  through  the  fuel  bed,  where  the  reaction  C+02  =  C02 
and  CO2+C  =  2C0.  The  temperature  of  the  fuel  rises  rapidly  and  a  certain 
amount  of  producer  gas  is  formed.  This  passes  through  the  pair  of  valves 
FG,  F  being  open  during  the  blast,  through  the  connection  H^  into  the 
carburetter.  The  carburetter,  which  is  a  fire-brick  lined  vessel  filled 
with  checker-brick,  is  brought  to  the  required  temperature  by  the  sensible 
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heat  in  the  blast  products,  and  by  the  combustion  of  their  CO  by  means 
of  a  secondary  supply  of  air  entering  through  the  valve  /.  From  the 
carburetter  the  products  pass  downward  and  up  through  the  superheater, 
out  through  the  valve  K  to  the  stack.  When  it  is  desired,  the  tertiary 
supply  of  air  can  be  admitted  through  the  valve  J  at  the  base  of  the 
superheater,  causing  further  combustion,  if  deared,  and  local  heating 
in  this  part  of  the  apparatus.  Fig,  238  shows  the  working  floor  of  the 
apparatus. 

When  the  carburetting  and  superheating  vessels  have  been  brought 
to  the  proper  temperature,  fuel  in  the  generator  is  very  highly  heated. 


Fig.  237. — MoJern  Lowe  Apparatus. 

The  sir  blasts  are  cut  off  in  the  order  J,  I,  and  E.  The  stack-valve  K 
is  closed  by  means  of  lever  L,  and  steam  is  introduced  by  means  of  the 
valve  M  and  the  steam  meter  0  beneath  the  grate.  The  steam  passes 
up  through  the  bed  of  incandescent  fuel,  where  the  reactions  C+HjO^ 
Ha+CO.and  the  further  general  water  gas  reactions  CO+H20=C02+H2 
take  place.  The  water  gas  passes  into  the  carburetter,  where  it  meets 
the  carburetting  oil,  which  is  mcasiired  by  the  meter  Q  and  is  sprayed 
into  the  carburetter  through  R.  The  sensible  heat  of  the  water  gas 
and  the  high  temp<'rature  in  the  surface  of  the  checker-bricks  vaporize 
the  oil.  The  mixture  of  water  gas  and  oil  vapors  then  passes  down 
through  the  carburetter,  where  the  vaporization  is  completed,  a  consider- 
able portion  of  the  vapors  decomposed  and  to  some  extent  polymerized 
into  fixed  ga-ses.     Passing  fnom  the  base  of  the  carburetter  up  through 
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the  superheater,  the  temperature  of  the  checkerbrick  of  which  is  very 
carefully  regulated,  the  decomposition  of  the  oil  vapors  is  carried  to 
the  most  advantageous  point,  and  the  resulting  mixture  is  composed  of 
fixed  gases,  some  condensible  vapors  and  a  small  quantity  of  complex 
hydrocarbons,  known  as  water  gas  tar. 


Fn;.  238.— OpiTaliiiR  Floor,  Water  Ga»  Plant. 


FORMATION  OF  CARBURETTED  WATER  OAS 


..a.:U 

lUuminonts,    

.00 

10.75 

14,75 

14.75 

CO 

..,,;         39,75 

33  05 

30.70 

30.65 

H, 

,...1         50.00 

43.05 

34  60 

31  35 

CH. 

....1           2,20 

1.10 

12.30 

16,75 

CO, 

4.60 

4.00 

3,70 

3.70 

o, 

.    ..I              .35 

.30 

.30 

.30 

N, 

3.10 

2.15 

2.20 

2.20 

These  pass  out  throuRh  the  connection  to  the  valve  K,  through  the 
dip-pipe  -S  into  the  wash-box,  which  acts  as  a  hydraulic  seal  and  prevents 
both  the  escape  of  the  products  of  combustion  during  the  blasting 
period  and  the  return  of  the  illuminating  gases.  In  contact  with  the 
water  in  the  wash-box,  the  temperature  of  the  gas  is  reduced  from  1200 
or  1300°  F.  to  about  190°  by  the  vaporization  of  the  water,  and  some  of 
the  tar  is  deposited.  The  gases  pass  out  of  the  wash-box  through 
the  connection  to  the  base  of  the  scrublx^r,  and  rise  through  the 
staggered  nest  of  wooden  trays,  where  the  entrained  solid  matter,  con- 
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siderable  water,  and  some  tar  are  deposited  by  impingement  and  the 
temperature  is  somewhat  reduced.  From  the  top  of  the  scrubber  it 
passes  into  the  top  of  the  condenser  through  the  water-cooled  tubes. 
By  means  of  the  cooling  water  the  temperature  is  reduced  to  150°  F., 
and  it  passes  out  of  the  connection  Z  to  the  relief  holder.^ 

Fuel  Used.  The  fuels  used  in  the  manufacture  of  water  gas  are 
anthracite  and  semi-anthracite  coals  and  the  various  grades  of  coke. 
As  they  are  used  primarily  as  a  source  of  carbon  they  should  be  high 
in  fixed  carbon,  containing  not  over  7  per  cent  of  volatile  combustible, 
as  some  of  this  is  liable  to  loss  during  the  blasting  period.  The  ash 
should  be  low  and  of  high  fusing  point  so  that  the  formation  of  clinkers 
may  be  reduced  to  a  minimum,  although  fuels  containing  as  high  as 
25  per  cent  of  very  fusible  ash  can  be  utilized  successfully.  The  fuel 
should  be  uniform  in  size  to  permit  the  free  flow  of  the  blast  and  steam 
and  it  should  be  low  in  moisture  and  sulphur.  A  table  of  typical  analyses 
of  the  different  classes  of  fuel  used  in  the  manufacture  of  water  gas  is 
given  with  the  analyses  and  fusing  points  of  the  ash  of  some  American  coals. 

COMMERCIAL  ANTHRACITES 


Buck  Mountain 
Lackawanna. . . 

Lehigh 

Pittston 

Susquehanna.  .  . 


Fixed 

Moisture. 

Vol.  Amt. 

Carbon. 

Ash. 

Sulphur. 

3.08 

5.22 

80.56 

11.14 

.93 

2.80 

7.61 

78.71 

10.88 

.74 

2.97 

5.35 

81.59 

10.09 

.73 

1.93 

8.60 

77.20 

12.27 

1.10 

2.75 

7.45 

80.20 

9.61 

.71 

Color  of  Ash. 

Reddish  tan 
Gray 

Yellow  gray 
Gray 
Lt.  gray- 


COMPOSITION  OF  ASH  AND  FUSING   POINT 


Ash  in  Coal. 


7.67 


4.80 


SiOo 41.94 

A1,0, 24.04 


CaO 

MgO 

FejOi 

SO* 

Alkalies  and  undet  . 

Color  of  ash 

Fusing  point,  **  F. .  . 


11.08 

1.28 

14.56 

4.61 

.49 

Terra  cotta 

2147° 


42.17 

35.58 

4.76 

12.70 

3.21 

1.68 

Terra  cotta 

2280** 


5.49 

4.02 

46.55 

39.00 

35.68 

26.21 

5.00 

3.97 

1.00 

.67 

7.80 

21.95 

3.76 

4.44 

.21 

3.76 

Lt.gray 

2350** 

2390** 

5.18 


49.99 

36.80 

31.97 

31.25 

2.13 

2.80 

.81 

tr. 

12.23 

21.95 

.26 

2.76 

2.61 

4.44 

49.03 
41.98 

1.79 

tr. 

5.02 

1.86 
.32 


2570* 


Lt.  gray  Lt.  gray 
2640**  i  3020** 


1  Theory:  Bulletin  of  Mines,  No.  7,  1911;  Engineering,  May  5,  1911,  p.  601; 
P.C.S.,  1910,  p.  2178;  J.f.G.,  1909,  52,  p.  282;  Z.f.A.C,  1906,  vol.  50,  p.  276;  J.f.A.C, 
vol.  48,  p.  735;  J.f.A.C,  1905,  vol.  44,  p.  267;  Thermodynamik  Chemiker  Gas  Reaktion, 
Haber,  p.  254;  J.f.G.,  1904,  vol.  47,  p.  268;  J.f.Elek.,  1903,  vol.  9,  p.  691;  B.  1903, 
36,  p.  1231;  J.f.G.,  (1900),  43,  p.  355  et  seq.;  C.R.  (1900),  131  p.  1204;  C.R.  (1900), 
130,  p.  132;  C.R.  (1899),  128,  p.  824,  p.  1524;  J.  f.  phy.  C,  44,  p.  510;  48,  p.  735. 
Lehrbuch  der  chemischen  Technologic  der  Energien,  H.  v.  Japtner. 

Operation:  A.G.L.J.,  May  15,1911;  P.A.G.I.,  1910,  p.  215;  L. J.,  March  1,  1910, 
p.  581;  A.G.L.J.,  April  18,  1910,  p.  730;  L.J.,  Jan.  18,  1910,  p.  173;  P. A.,  April  15, 
1909,  p.  329;  P.A.,  May  15,  1907,  p.  266. 
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iching  Oils.  The  oils  available  for  enriching  purposes  vary  in 
their  composition  in  the  different  fields.  The  oils  from  the  Pennsylvania, 
Ohio,  Indiana,  and  Illinois  are  composed  principally  of  the  paraflSne 
and  olefine  series;  the  oils  from  Kansas  and  Indian  Territory  differ 
somewhat  according  to  their  gravity,  the  lighter  oils  containing  con- 
siderable paraffine  while  the  heavier  oils  contain  some  parafi^es  but 
principally  naphthenes.    The  Texas  oils  contain  almost  no  paraflSne, 

but    contain    a    con- 

»«>^i 1 1 1 1 1 ' 1 — I       siderable  proportion  of 

complex  hydrogenated 
ring  compoimds;  they 
are  made  up  of  mem- 
bers of  the  CiiH2n-.2  and 
CnH2n-4  scries.  The 
California  oils  are  made 
up  almost  entirely  of 
complex  ring  com- 
pounds. The  Louisiana 
oils  vary  with  their 
gravity,  some  resem- 
bling Texas  and  others 
the  California  oils. 

As  enriching  agents 
it  seems  that  the  paraf- 
fines  are  the  most  valu- 
able, the  presence  of 
double  carbon  linkages 
and  rings  reducing  the 
eflSciency.  Where  ring 
compounds  are  present, 
however,  the  more  fully 
hydrogenated  are  the 
more  valuable.    Benzenated  ring  compounds  are  almost  valueless. 

The  yield  of  tar  on  gasification  is  an  indication  of  the  presence  or 
absence  of  complex  hydrocarbons  in  the  oil.  In  the  oils  from  Pennsyl- 
vania it  will  run  from  8-10  per  cent  of  the  oil,  while  the  Texas  and 
California  oils  will  yield  from  15-18  per  cent,  denoting  the  presence  of 
complex  ring  and  asphaltic  compounds. 

Comparative  Yield  of  Water  Gas  Tar  from  Different  Oils 

Naphthas,  paraffine  base,    2-4    per  cent  by  volume  of  oil. 

Gas  oils,  paraffine  base,    6-10 

Crude  oils,  paraflfine  base,    8-12 

Gas  oils,  asphaltic  base,  10-15 

Crude  oils,  asphaltic  base,  12-18 


200«F    300»      400®      500»      600«       7CXy»      800» 

TEMPERATURE  OF  DISTiaATlON   DEGREES    FAHRENHEIT 

Fig.  239. 
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COMPARATIVE  DISTILLATIONS  OF  WATER  GAS  TARS  FROM 

DIFFERENT  OILS 

Crude  Products 


FractioDB. 

Per  cent 
by  Wt. 

Gravity. 

Per  cent 
by  Wt. 

Gravity. 

Per  cent 
by  Wt. 

Gravity. 

Light  oils ....." 

.31 
16.86 
49.34 
33.42 

.8850 

.9885 

1.0801 

3.46 
31.25 
46.68 
19.02 

.8811 

.9972 

1.0887 

5.55 

30.63 
43.17 
20.35 

8898 

Middle  oils 

Anthracene  oils 

Residuum 

1.0030 
1.0973 

Fractionation  op  the  Light  Oils 


200-250°  F. 

250-300** 

300-350*" 

.00 
.27 
.04 

.8850 

.80 
1.53 
1.13 

.8758 
.8807 
.8856 

1.61 
1.95 
1.99 

.8826 
.8860 
.9044 

Original  Material 


Spe<!ific  gravity  at  60®. 
Free  carbon 


1 . 1427 

1.0881 

.21 

.02 

.06 

1.0902 


The  reactions  involved  in  the  formation  of  oil  gas  are  almost  identical 
with  those  occurring  during  the  latter  stage  of  the  carbonizing  of  coal 
in  a  retort,  the  principal  difference  being  that  in  this  case  the  oils  vaporize 
readily  and  the  temperature  is  under  more  exact  control.^ 

The  products  formed  with  increasing  temperatures  seem  to  follow 
in  general  the  reactions  that  were  discussed  under  the  distillation  of 
coal;  the  illuminants  decrease  and  the  hydrogen  increases  while  the 
paraflSnes  remain  about  stationary. 

EFFECT  OF  TEMPERATURE  ON  DECOMPOSITION  OF  OIL 


Temperature. 

Gas  per  Gal. 
Cu.Ft. 

Tar. 
Per  cent. 

711 

56.4 

28.0 

741 

61.5 

29.4 

751 

63.7 

26.2 

789 

68.0 

24.2 

832 

80.3 

11.9 

Coke. 
Per  cent. 


1.83 
2.43 
3.63 
3.45 
12.43 


Olofines. 
Per  cent. 


Paraffines. 
Per  cent. 


38.0 
33.8 
31.3 
25.0 
13.1 


48.0 
48.3 
50.3 
49.2 
47.0 


Hydrogen 
Per  cent. 


11.1 

14.1 
13.5 
19.1 
33.6 


The  influence  of  the  high  partial  pressure  of  the  hydrogen  is  especially 
marked  in  the  formation  of  carburetted  water  gas  as  the  blue  gas  contains 
nearly  50  per  cent  of  hydrogen.  The  hydrogen  inhibits  the  decom- 
position of  the  primary  products  and  the  splitting  off  of  more  hydrogen, 
which  imites  with  the  complex  residues  resulting  in  a  higher  percentage 

1  Fuel:    A.G.L.J.,  June  14,  1909,  p.  1073. 

Oils:    P.A.,  June  1,  1909,  p.  435;  A.G.L.J.,  Sept.  20,  1909,  p.  725. 

Decomposition  of  Oils:  J.f.G.,  Jan.  15,  1910,  p.  53  et  seq.;  Z.f.A.C,  1908,  p.  602; 
A.,  1907,  32,  p.  241;  J.f.G.,  1908,  p.  265;  J.f.G.,  1907,  p.  45;  C.Z.,  1899,  p.  916;  B.B., 
1896,  p.  552;  J.f.G.,  1898,  p.  221;  J.S.C.I.,  1884,  p.  462. 
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of  olifines,  somewhat  less  gas  and  more  tar.  The  following  table  shows 
the  composition  of  oil  gas  at  a  given  temperature,  and  the  calculated 
and  observed  mixtures  of  oil  and  blue  gas: 

CALCULATED  AND  OBSERVED   COMPOSITION   OF  CARBURETTED 

WATER  GAS 


Blue  Gas. 

Oil  Gas. 

Calc.  Carb.  W.  G. 

Obs.  Garb.  W.  G. 

Illuminants 

CO 

.0 

39.8 

50.0 

2.2 

.0 

4.6 

A 

3.1 

36.6 

1.1 

13.3 

40.4 

6.9 

.5 

L3 

9.5 
29.7 
40.5 
12.1 

1.8 

3.5 
.3 

2.6 

14.8 
30.6 

Ha 

31.4 

OH4 

16.8 

CH. 

.3 

COs 

3.7 

Oi 

.3 

N, 

2.2 

This  shows  the  increased  illuminants  and  decreased  hydrogen  and  increased 
tar.     It  should  be  noted  also  that  in  practical  operation  we  obtain  about 

6000  candle    feet   per   gallon 

I 


Ik 


3 


i 


550 


of  oil  in  carburetting  water 
gas  while  we  should  only  ob- 
tain about  3000  candle  feet  if 
the  oil  gas  were  used  alone. 

In  determining  the  practi- 
cal enriching  value  of  an  oil 
it  is  run  in  a  machine  for 
some  time  with  different  tem- 
peratures in  the  fixing  cham- 
bers and  the  candle  feet  per 
gallon  calculated  and  plotted 
against  the  temperature.  The 
maximum  value  and  its  corre- 
sponding temperature  is  then 
easily  determined.  A  typical 
curve  of  this  kind  is  repro- 
duced below,  Fig.  240. 
In  considering  the  theory  of  the  formation  of  the  blue  gas  or  water 
gas  proper  we  have  the  two  general  steps — storing  heat  in  the  fuel  bed 
by  the  combustion  of  a  portion  of  the  fuel  with  a  blast  of  air,  and 
utilizing  this  heat  in  decomposing  steam  with  the  formation  of  the  water 
gas  which  is  an  endothermic  reaction. 

During  the  blasting  period  the  primary  reaction  is  probably: 

C+02  =  C02    or    2C+02=2CO. 

These  equations   are   connected  by  relation   C02+C=2CO,   which 
is    the    equation    for    the    equilibrium.      Clement    and    Haskins    have 


5.00 


A  50 


teJ  4O0 


9.60 


I200«F       I290«       I3000        135  0«       >4OO0        I480« 
TCMPCRATURC  IN  FIXING  CHAMBERS 

Fig.  240. 
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gjven  the  following  expreaaion  for  the  value  of  K  at  any  temperature, 
viz.: 

„_C(eo) 

C(co) 


and  they  found  that  with  coke  the  following  percentages  were  in  equi- 
librium at  different  temperatures: 


Tfrnp^r-lurc. 

Ciirboa  MohdihI*. 

CsrbOQ  Ditnide. 

900 

83.2 

16.8 

1000 

94.5 

5.5 

1100 

98.1 

1.9 

1200 

99.4 

.6 

1301) 

99,7 

.3 

1 

It  must  be  remembered,  however,  that  in  commercial  producer  gas 
the  presence  of  the  nitrogen  lowers  the  partial  presaur3  of  the  carbon 
monoxide,  and  thus  slightly  increases  the  ratio  C0-i-C02  over  that 
given  in  the  table.  It  is  found  that  the  time  of  contact  is  very  important, 
and  that  with  the  increasing  temperatures  the  increase  in  the  coefficient 


Vbloc'tv  or  <a*« 


Fio.  241. 


3  w   Lar^^TM  or    CowiM  CoLu 


of  the  reaction  velocity  is  about  ten  times  the  increase  in  the  diffusion 
constants,  so  that  velocity  of  the  chemical  combination  is  the  deter- 
mining factor  in  this  reaction 

It  is  found  that  the  differen  forms  of  carbon  react  differently, 
charcoal  reacting  most  rapidly,  coke  next,  and  anthracite  most  slowly. 
In  the  second  stage  of  the  process,  that  of  the  decomposition  of  steam, 
we  have  two  reactions;    C4-H20  =  CO+H2,  and  C+2H20  =  C02+2H2. 
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These  products  are  then  related  according  to  the  two  reactions 
C02+H2  =  CO+H20,  and  by  the  reaction  previously  discussed,  CO2+C 
=2C0.  The  calculation  of  the  constants  of  the  water  gas  reaction 
is  complicated  by  the  uncertainty  regarding  the  specific  heat  of  the 
reacting  bodies  at  high  temperatures.  Haber  gives  the  following  equation 
for  the  value  of  K  at  equilibrium  at  temperatures  or  from  685®  to  1480®  C. 


cni?:=- 


2232 
6 


-  .08463cne  -  .00022036+2.4943. 


laso* 


ia2s< 


leoo* 


z 

s 


I773» 


I730* 


From  experimental  work  that  has  been  done  on  this  problem,  it  is 
apparent  that  while  the  water  gas  reaction  ceases  to  readjust  itself  to 
changes  of  temperature  at  about  1400°  C.  in  the  Bunsen  burner,  yet 
in  the  water  gas  generator  it  seems  to  adjust  itself  down  to  very  moderate 

temperatures.  This  is 
t^afiA 1 1 — ^-1 \ 1 1 WiaTST  probably  due  to  the  in- 
fluence of  the-  ash  on  the 
surface  of  the  coal.  It  is 
also  assumed  that  in  the 
generator  while  the  gases 
may  be  in  equiUbrium  with 
themselves,  they  are  not  in 
equilibrium  with  the  car- 
bon in  the  fuel  bed.  In 
Fig.  241  are  given  some 
exi)erimental  results  ob- 
tained by  Clement  and 
Haskins,  using  coke  as 
fuel,  with  the  time  of  con- 
tact of  the  steam  equal  to 
two  seconds. 
In  the  practical  operation  of  water  gas  apparatus  the  efficiency  of 
the  production  of  blue  gas  will  be  dependent  upon  the  temperature  of 
the  blast  gas  and  water  gas  issuing  from  the  fire;  the  percentage  of  CO 
or  excess  air  in  this  blast  gas,  and  the  percentage  of  undecomposed  steam 
in  the  blue  gas,  assuming,  of  course,  that  we  are  operating  the  generator 
so  as  to  produce  a  reasonably  low  percentage  of  CO2.  These  conditions 
will  probably  be  influenced  by  the  rate  and  time  of  passage  of  blast 
through  the  fire.  There  are  two  divergent  views  on  this  subject. 
According  to  one  writer,  when  the  rate  of  passage  of  blast  is  sufficiently 
great  in  proportion  to  the  depth  of  fuel,  CO  will  not  be  formed,  but  only 
CO2.  Another  writer,  on  the  other  hand,  finds  very  little  change  due 
to  the  rate  of  passage  of  the  gas,  and  believes  that  the  efficiency  of  the 
blow  is  dependent  on  the  temperature  of  the  fire,  and  is  principally  a 
function  of  the  length  of  time. 
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Apparently,  an  increase  in  the  rate  of  blast,  Fig.  241,  will  give  a  higher 
average  temperature  of  the  fire,  which  results  in  somewhat  increased  tem- 
perature of  the  issuing  blast  gases,  with  slight  decrease  in  the  percentage 
of  CO.  It  is  quite  conceivable,  in  view  of  the  theory  that  the  speed 
of  the  reaction  C02+C=2CO,  will  increase  so  rapidly  withincreaae 
in  temperature  that  we  cannot  suiBciently  decrease  the  time  of  contact 
to  prevent  the  formation  of  considerable  quantities  of  CO. 

Increasii^  the  rate  of  passage  of  steam  will  apparently  reduce  the 
temperature  of  the  outgoing  water  gas,  which  is  favorable  to  economy, 


8      0     o      o     O 

Q       §      S       S       R 


Til-IP  ERA-TURK    IN  RjBi.  Beo. 
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Fig.  243. 
but  this  is  more  than  offset  by  the  smaller  percentages  of  steam  decom- 
poiiod,  and  the  consequent  waste  of  both  excess  steam  and  its  sensible 
heat,  and  furthermore,  by  the  greater  percentage  of  CO2  in  the  blue 
gas.  In  general,  all  of  the  writers  assume  the  importance  of  the  slow 
rate  of  passage  of  the  steam. 

The  temperature  of  the  generator  fire,  Fig.  244,  appears  to  be  the  most 
important  condition.  The  capacity  of  the  fuel  bed  increases  with  an 
increase  in  the  temperature,  resulting  in  a  lai^r  yield  and  a  more  perfect 
decomposition  of  the  steam,  and  a  more  favorable  composition  of  the  blue 
gas.  On  the  other  hand  it  increases  the  sensible  heat  of  the  offgoing  blast 
products  and  the  blue  gas,  and  results  in  an  increased  percentage  of 
CO  in  the  blast  products,  both  of  which  are  unfavorable  to  fuel  economy. 

The  necessity  of  producing  a  certain  amount  of  available  combustible 
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in  the  blast  gases  to  maintain  the  fixing  chambers  at  the  proper  tern- 
perature  somewhat  complicates  the  operation  when  carburetted  water 
gas  is  manufactured.  With  indifferent  control  of  the  operating  conditions 
a  large  excess  of  CO  is  always  produced  with  some  fuels. 

Modem  practice  attempts  to  bring  the  whole  fuel  bed  to  a  uniform 
temperature  and  to  reduce  the  variation  or  range  of  temperatures  as  far  as 
possible,  thus  enabling  the  temperature  in  the  active  zone  in  the  fuel  bed  to 
be  maintained  at  a  point  where  the  clinker  can  be  controlled.  This  results 
in  a  minimum  loss  of  sensible  heat  incurred  by  the  offgoing  gases  and  yet 
a  satisfactory  decomposition  of  the  steam  is  secured  at  an  increased  rate. 
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Fig.  244. 


The  use  of  two  generators  that  are  blasted  in  parallel  but  are  con- 
nected in  series,  during  the  gas-making  period,  is  an  endeavor  to  secure 
more  uniform  fire  conditions. 

From  the  theory  of  the  reactions  underlying  the  combustion  of  the 
coal  and  the  formation  of  water  gas,  it  will  be  seen  that  many  of  the 
requirements  are  contradictory.  It  is  therefore  necessary  to  arrange 
our  operating  conditions  so  as  to  secure  the  most  efficient  compromise, 
remembering  that  many  of  the  theoretical  processes  will  yield  very 
efficient  results  under  test  conditions,  but  will  utterly  fail  to  satisfy  the 
commercial  requirements  as  to  overhead  charges  for  capital  invested 
and  the  labor  cost  of  operating. 
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The  following  table  gives  a  set  of  operating  conditions  that  were 
in  one  case  found  to  yield  satisfactory  results. 

OPERATING  CONDITIONS 

Size  of  set 8  ft.  6  in. 

Area  of  grate 33 . 2  sq.ft. 

Fuel  used,  oven  coke 
Oil  used,  Lima  gas  oil 

Candle-power  of  gas  made 25.2  at  70**  F. 

Candle-power  per  gallon  of  oil 6  at  70°  F. » 

Carbon  in  generator  per  M 25  lbs. 

Temperatm-e  base  of  superheater 1461**  F. 

Temperature  top  of  superheater 1300®  F. 

Length  of  blow 3  min. 

Pressure  of  blast 20  ins.  water 

Bate  of  blast  cu.ft.  per  sq.ft.  grate  per  minute 129  cu.ft. 

Generator  air  used  per  M.  cu.ft.  of  gas  made 1520  cu.ft. 

Carburetter  air 800  cu.ft. 

Length  of  run 4  min. 

Per  cent  up  runs 64 . 8 

Per  cent  down  runs 35 

Rate  of  steam  pounds  per  sq.ft.  grate  per  min 2.1  lbs. 

Steam  used  per  M.  cu.ft.  of  gas  made 33  lbs. 

Gas  made  per  sq.ft.  grate  per  hour 1 .  910  cu.ft. 

The  condensation  and  purification  of  carburetted  water  gas  differs 
somewhat  from  that  of  coal  gas,  in  that  the  water  gas  is  more  fully 
saturated  with  hydrocarbons  which  must  be  preserved  and  retained  in 
the  gas  to  secure  its  proper  illuminating  value. 

The  greatest  care  must  be  taken  in  regard  to  the  temperatures  employed 
throughout  the  condensing  and  purifying  system  to  avoid  suddenly 
shocking  the  gas,  and  we  endeavor  as  far  as  possible  to  keep  the  gas 
closely  in  equilibrium  with  the  surrounding  condensate.  The  gas  leaving 
the  wash-box  at  a  temperature  of  about  190°  F.  passes  through  the 
scrubbers  and  primary  condensers  into  the  relief  holder.  The  bulk  of 
the  tar  will  now  have  been  deposited.  From  the  relief  holder  it  is  drawn 
by  means  of  the  exhausters,  and  pumped  through  the  secondary  condensers 
and  tar  extractors,  which  are  usually  of  the  P.  &  A.  type  described 
under  coal  gas,  into  the  purifying  house.  In  case  the  P.  &  A.  t3rpe 
of  extractor  is  not  used,  vessels  filled  with  shavings  are  used  to  mechan- 
ically filter  out  the  entrained  liquids. 

The  purification  of  water  gas  is  carried  on  under  the  same  general 
conditions  as  those  surrounding  the  purification  of  coal  gas,  except  that 
it  is  desirable  to  keep  the  temperature  at  purifiers  above  100°C,  and  this 
temperature  should  be  held  as  uniformly  as  possible.  This  is  to  prevent 
the  gas  changing  suddenly  in  temperature,  and  thus  getting  out  of  equi- 
librium with  the  purifier  material,  which  is  saturated  with  condensate.^ 

*  Purification  and  Condensation  of  Water  Gas:  Proceedings  American  Gas  Institute, 
1906,  p.  593;  1912;  1910,  p.  704;  Progressive  Age,  July  16,  J906,  p.  447. 
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The  following  range  of  temperatures  is  an  example  of  conditions 
which  justify  the  conclusion  that  the  gas  is  being  properly  handled: 

Temperature  of  the  atmosphere 66°  F. 

Top  of  superheater 1200 

Outlet  of  wash-box 190 

Inlet  of  scrubber 180 

"       relief  holder 154 

"       exhauster 115 

"       tar  extractor 113 

"       purifier 103 

Outlet  of  purifier 85 

"        station  meter 85 

Fig.  245  represents  a  modern  small  water  gas  plant.  Figs.  246  and 
247  show  a  line  drawing  and  actual  photograph  of  economiser  boilers 
attached  to  carburetted  water  gas  plant. 

All  Oil  Water  Gas.  Directly  related  to  the  manufacture  of  carburetted 
water  gas  is  the  so-called  all  oil  water  gas  which  is  used  so  extensively 
on  the  Pacific  Coast  where  there  is  an  abundant  supply  of  cheap  fuel  oil. 

The  general  theory  of  this  process  is  that  of  the  pyrodecomposition 
and  polymerization  of  the  oil  hydrocarbons  as  in  the  Pintsch  process, 
and  to  some  extent  carburetted  water  gas. 

In  the  present  form  of  apparatus  which  is  illustrated  in  Fig.  248,  there 
are  two  fire-brick  lined  shells  in  the  form  of  a  U,  with  one  leg  longer 
than  the  other,  the  shorter  leg  serving  as  the  primary  generator  while  the 
longer  leg  serves  as  a  superheater.  Both  shells  are  filled  with  checker- 
brick.  The  gas  take-off  for  the  blast  gases  is  at  the  top  of  the  longer 
leg  while  the  illimiinating  gas  take-off  is  in  the  middle. 

In  the  operation  of  the  set,  oil  and  steam  are  blown  into  the  top 
of  the  primary  generator  while  the  blast  is  admitted  in  the  center.  The 
blast  is  turned  on  for  about  three  minutes  before  the  oil  at  a  pressure 
of  about  nine  inches,  at  the  end  of  this  time  the  oil  is  turned  on  at  a 
pressure  of  about  8  lbs.,  the  atomizing  st«am  at  35  lbs.  The  heating 
period  is  about  twelve  minutes;  at  the  end  of  this  time  the  blast  is 
cut  ofif ,  the  valve  opened  connecting  with  the  wash-box,  and  the  gas-making 
oil  is  injected  as  before,  with  steam,  through  another  set  of  nozzles.  The 
gas-making  nozzles  are  located  both  in  the  primary  generator  and  also 
in  the  top  of 'the  secondary  generator,  so  that  the  flow  of  oil  through 
the  machine  can  be  regulated  according  to  the  heat  carried  in  the 
checker  work  in  all  parts  of  the  set.  The  oil  is  admitted  to  the  top  of 
the  primary  generator  at  first  quite  rapidly,  it  is  then  gradually  reduced 
during  the  run  until  at  the  eighth  minute  it  is  flowing  at  about  one-third 
the  initial  rate  per  minute.  The  oil  is  admitted  to  the  secondary  gen- 
erator at  a  slightly  slower  rate  and  is  gradually  reduced  in  the  same 
proportion.     The  last  two  minutes  of  the  run  the  oil  is  cut  off  and  the 
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steam  pressure  is  raised  to  100  lbs.,  and  allowed  to  remain  at  this  pressure 
for  two  minutes  in  order  to  purge  the  machine.^ 

The  heats  in  the  machine  are  controlled  by  the  appearance  of  the 
overflow  from  the  wash-box,  the  presence  of  tar  showing  that  the  heat 
is  too  low  while  lampblack  from  the  overflow  in  the  first  scrubber  shows 
that  the  heat  was  too  high.    The  make  of  gas  per  minute  during  the 


Fig.  245. 

run  is  a  very  good  indication  of  the  heats  carried  and  is  an  index  to 
the  proper  length  of  the  run. 

In  the  larger  machines  about  16  per  cent  of  the  total  oil  used  is 
burned  during  the  heating  run  so  that  where  the  total  oil  per  thoasand 
runs  about  S^  gallons,  about  lA  gallons  per  thousand  are  used  during 
the  heating  run  and  7i\  gallons  during  the  gas  making  rim. 

»  PJ^.G.I.,  1909,  p.  410;  G.W.,  May  9,  1908,  p.  579;  A.G.L.J.,  Oct.  5,  1908,  p.  578. 
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An  average  analysis  of  the  oil  gas  made  with  a  heavy  California 
crude  is  as  follows: 

Ills 7.01 

CO 9.21 

H2 39.78 

CH4 34.64 

CO2 2.62 

0 16 

N 6.58 

C.  P 19.69 

B.T.U 680 

Sp.gr 482 


Fig.  246. 


In  general  this  gas  resembles  coal  gas  in  many  of  its  constituents 
much  more  closely  than  it  does  water  gas.  But  there  is  every  reason 
why  this  should  be  so  as  both  of  these  gases  are  formed  by  the  pyro- 
condensation  of  hydrocarbons. 

The  formation  of  the  all  oil  water  gas  being  almost  identical  with 
the  second  and  third  stages  of  the  coal  gas  distillation  except  that  in  the 
case  of  the  oil  gas  the  temperature  conditions  and  time  of  contact  are 
under  much  more  exact  control.     In  general  all  that  has  been  said 


ILLUMINATING  GAS 


previously  in  reference  to  the  decomposition  of  the  hydrocarbons  applies 
with  equal  force  in  miuiufacture  of  the  oil  gas  in  this  i^jparstus. 


Fig.  248.— Jonea'  All  Oil  Water  Gaa  Apparatus. 

In  the  early  days  of  this  process  the  working  conditions  were  not 
well  understood  and  the  operation  of  the  machines  resulted  in  enormous 
accumulation  of  lampblack  from  excessive  and  irregular  temperatures 
carried   in   the   apparatus.     Now,    however,   with   the   ccrtrol   that   is 
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exercised  over  the  operation  of  the  set  and  in  addition  the  better  design^ 
the  apparatus  has  resulted  in  an  almost  total  elimination  of  the  trouble 
and  nuisance  due  to  lampblack.  The  bulk  of  the  lampblack  is  now 
removed  in  a  self-cleaning  wash-box  in  which  the  lampblack  is  washed 
from  the  gas  by  a  large  quantity  of  water,  which  prevents  the  formation 
of  large  lumps. 

From  the  wash-box  the  gas  passes  through  scrubbers  filled  with  wooden 
trays  similar  to  those  used  in  the  carburetted  water  gas  apparatus;  as 
there  are  no  by-products  to  be  saved  a  rather  excessive  amount  of  water 
is  supplied  to  the  scrubbers.  In  some  of  the  plants  three  scrubbers 
are  used  applying  from  10  to  15  gallons  per  thousand  per  scrubber, 
or  a  total  of  say  40  gallons  per  thousand.  The  water  from  the  wash-box 
and  scrubbers  is  run  into  the  lampblack  separator  where  the  lamp- 
black is  removed.  The  lampblack  as  taken  from  the  separator  contains 
about  60  per  cent  of  water.  This  is  piled  in  heaps  and  allowed  to  drain 
until  it  contains  about  20  per  cent,  it  is  then  used  for  fuel  either  under 
the  boilers  or  in  water  gas  apparatus.  In  the  larger  sets  about  20  lbs. 
of  lampblack  are  made  per  thousand  feet  of  gas. 

A  great  advantage  of  this  type  of  apparatus  is  that  it  can  be 
built  and  handled  in  large  units,  so  that  the  operative  labor  is  reduced 
to  a  minimum  and  from  the  fact  that  no  time  is  lost  in  clinkering. 
The  machines  can  be  depended  upon  to  produce  their  gas  continually 
so  that  only  a  very  low  holder  capacity  is  required. 

Of  the  available  oils  in  California,  it  has  been  found  that  those  highest 
in  gravity  give  the  best  results,  or  in  other  words,  that  the  hydrocarbons 
present  in  the  oil  are  all  about  equally  valuable,  vso  that  the  oil  yielding 
the  greatest  weight  per  gallon  will  naturally  give  the  greatest  number 
of  cubic  feet  of  gas.  This  result  rather  bears  out  the  idea  that  has  been 
gaining  ground  in  the  East  where  the  heavier  grades  of  enriching  oil 
have  been  tried  out  and  experimented  with  more  thoroughly.  The 
sulphur  content  of  the  California  oils  varies  quite  widely,  ranging  from  a 
fraction  of  a  per  cent  to  above  4  per  cent.  It  has  been  found  that  where 
the  sulphur  does  not  exceed  one  per  cent  the  gas  is  easily  purified  with 
iron  oxide  in  simple  purifiers. 

Pintsch  Gas.  Another  commercial  adaptation  of  oil  gas  is  that 
known  as  Pintsch  gas.  Pintsch  gas  is  simply  an  oil  gas  compressed  to 
about  ten  atmospheres  and  was  developed  originally  for  the  lighting 
of  railway  passenger  cars.  The  Pintsch  patents  were  taken  out  about 
1870. 

In  this  system  the  oil  is  first  decomposed  in  a  double  iron  retort, 
set  in  a  regular  coal  gas  bench,  an  outline  sketch  of  which  is  shown 
in  Figs.  249  and  250.  The  oil  is  introduced  at  the  front  of  the 
upper  retort  and  falls  upon  a  movable  tray,  which  collects  most  of  the 
carbon  formed.  The  gas  and  vapors  thus  produced  pass  to  the  back 
of  the  upper  retort  down  and  out  through  the  lower  retort  to  a  hydraulic 
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main  located  in  front  of  the  bench.  The  crude  gas  is  passed  through 
a  dry  scrubber,  condenser  and  purifier  and  after  metering  is  collected 
in  a  low  pressure  holder,  very  similar  in  all  respects  to  the  processes 
employed  in  condensing  and  purifying  coal  gas.  The  gas  is  then  com- 
pressed, generally  in  a  two-stage  compressor,  into  the  storage  cylinders. 
Every  precaution  is  taken  to  remove  the  condensation  thrown  down 
by  the  compression,  so  that  the  gas  in  the  cylinders  will  be  thoroughly 


Fig.  249,— Pintflch  Retort  Bench. 

dry.  The  pressures  employed  vary  from  10  to  14  atmospheres,  the 
latter  figure  being  common  in  the  Unitetl  States.  In  some  plants,  fireclay 
retorts  are  employed;  in  these  the  oil  is  passed  through  the  back  of  the 
retort  and  is  taken  off  at  the  front,  so  that  a  single  retort  suffices.  The 
ordinary  form  of  carburetted  water  gas  apparatus  has  been  used  also  in 
the  manufacture  of  Pintsch  gas.  After  the  regular  blow,  instead  of 
turning  on  the  usual  supply  of  steam,  only  a  very  small  supply  is  used, 
just  sufficient  to  clear  the  machine  of  the  oil  ga.s  made.     The  success 
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of  this  work  has  resulted  in  the  adaptation  of  a  special  form  of  apparatus 
for  generating  the  Pintsch  gas,  very  similar  to  the  apparatus  employed 
in  California  for  the  manufacture  of  oil  gas.  In  this  case,  however, 
the  fuel  used  in  the  heating  run  is  a  tar  obtained  as  a  by-product.  This 
is  injected  into  the  top  of  the  generator  with  steam  and  air  until  the 
proper  temperature  is  acquired,  then  gas  oil  under  pressure  is  injected, 
the  vapors  formed  pass  down  through  the  heated  checker-brick,  and 
are  subjected  to  the  same  transformations  that  occur  in  the  water 
gas  set.  The  heating  period  is  about  five  minutes,  the  gas-making 
period  from  6  to  8  minutes.    About  1500  cu.ft.  of  gas  are  made  per  run. 


Fkj.  250. — Pintsch  High  Pressure  Plant. 

It  has  been  found  that  the  candle  power  is  increased  by  about  10  per 
cent  over  that  obtained  in  the  retort  form  of  apparatus.  A  late  devel- 
opment of  the  system  is  a  generation  of  the  gas  at  high  pressure,  in  a 
generator  built  of  heavy  steel  plates,  so  that  the  whole  operation  takes 
place  at  high  pressing.  A  small  amount  of  steam  in  this  type  of  apparatus 
is  injected  with  the  oil.  The  steam  acts  as  a  carrier  but  does  not  react 
with  the  oil  or  carbon  formed,  as  the  temperature,  about  670**,  is  too 
low  for  the  reaction  to  take  place.  A  mixture  of  gas,  tar  and  water  is 
chaiged  into  the  store  holder  at  a  pressure  of  about  14  atmospheres. 
It  is  purified  under  pressure  and  then  stored  directly  into  the  cylinders. 
The  average  composition  of  the  compressed  gas  is  as  follows: 
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Methane 50to60  per  cent 

Illuminants 30  to  40 

Carbon  monoxide .5       " 

Hydrogen 3  to  5         " 

Sp.  gr.  from 78  to  .85 

The  candle  power  of  the  gas  when  tested  in  open  flat  flame  burners^ 
does  not  do  the  gas  justice,  as  it  only  averages  about  40. 

The  design  of  the  Pintsch  regulator  and  its  perfect  operation  under 
severe  conditions  has  contributed  very  greatly  to  the  successful  appli- 
cation of  the  Pintsch  system. 

At  present  in  addition  to  its  use  in  railroad  lighting,  it  is  extensively 
employed  in  buoy  lighting.  The  gas  under  a  pressure  of  100  atmospheres 
is  compressed  in  cylinders  which  form  the  body  of  the  buoy.  On  one 
gas  charge  these  buoys  were  run  to  528  days.  These  buoys  can  be  pro- 
vided with  automatic  mechanism  so  that  the  light  can  be  operated  either 
as  a  continuous  light  or  in  any  desired  sequence  or  flashes. 

Blau  Gas.  Another  modification  of  the  Pintsch  gas  is  known  as 
Blau  gas.  In  this  process  the  oil  is  decomposed  in  the  retorts,  as  in  the 
manufacture  of  Pintsch  gas.  The  gas  is  purified  and  then  compressed 
to  100  atmospheres,  so  that  the  greater  portion  of  it  liquefies.  Under 
this  pressure  the  liquefied  hydrocarbons  probably  absorb  and  hold  in 
solution  some  of  the  olefines  and  paraffines  that  would  normally  be 
gases  at  this  pressure.  The  oil  is  gasified  at  a  rather  lower  temperature 
than  that  ordinarily  employed  in  the  manufacture  of  oil  gas.  The  fixed 
gases  that  are  left  after  compression  are  used  in  operating  the  machinery 
necessary  in  the  manufacturing  operations.  The  liquefied  gas  has  a  specific 
gravity  referred  to  water  of  .59.  The  liquid  is  sold  ordinarily  in  seamless 
steel  flasks  that  hold  45  and  10  k.g.  The  gas  is  first  expanded  from 
100  atmospheres  down  to  about  10,  and  is  then  expanded  again  to  10 
or  12  ins.  water  pressure.  One  gallon  of  the  liquefied  gas  will  yield  about 
28  cu.ft.  of  expanded  gas.  There  will  remain,  however,  a  residue  that 
may  run  up  to  9  per  cent.  The  following  may  be  taken  as  a  typical 
analysis  of  the  expanded  gas; 

Illuminants 51.9 

CO 1 

H2 2.7 

Methane  and  ethane 44 . 1 

CO2 0 

O2 0 

Nitrogen 1.2 

Specific  gravity 1 .  02 

Heating  value 1704  B.T.U.'s. 

Flat  flame,  calculated  at  5  ft.  per  hr. . . .  48 .  25 
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It  will  be  noted  that  this  gas  is  slightly  higher  in  ilhiminants  and 
heating  value  than  the  Pintsch  gas,  and  is,  therefore,  slightly  more  con- 
centrated. It  has  found  some  application  for  use  in  isolated  localities 
and  marine  lighting.^ 

Gasoline  Gas.  Gasoline  gas  is  a  mixture  of  atmospheric  air  and 
light  hydrocarbon  vapor  in  varied  percentages  generally  above  the 
explosive  limit.  This  gas  has  been  developed  to  meet  the  requirements 
of  isolated  localities  where  the  quantity  of  gas  required  is  small,  so  that 
the  installation  of  the  usual  form  of  coal  or  water  gas  apparatus  would 
not  be  profitable.  There  are  two  general  systems  used  in  its  manufacture; 
one  system  operates  in  the  cold  while  the  other  system  employs  heat 
to  aid  in  the  vaporization.  Gasoline  or  carburetted  air  gas  differs  from 
the  ordinary  forms  of  coal  gas,  water  gas  or  oil  gas  due  to  the  fact 
that  it  is  a  simple  mixture  of  the  vapors  of  a  liquid  hydrocarbon  which 
is  not  changed  chemically  in  the  vaporization.  In  the  cold  process 
where  the  air  is  not  heated,  a  very  light  grade  of  gasoline  must  be 
employed,  while  in  the  system  employing  steam  or  other  source  of 
heat  to  assist  in  the  evaporation  the  less  expensive  naphthas  may  be 
used. 

It  is  essential  in  either  process  that  the  hydrocarbon  should  be  entirely 
vaporized  and  should  contain  no  traces  of  tar  which  would  otherwise 
stop  up  the  apparatus  and  give  trouble  in  the  burners.  The  gasoline 
with  a  sp.  gr.  of  about  .65  is  usually  employed  in  the  cold  system. 
While  this  leaves  a  small  residue  it  Ls  not  sufficient  to  cause  serious 
trouble. 

The  volume  of  vapor  that  can  be  carried  by  a  given  volume  of  air 
depends  upon  the  temperature  and  rises  very  rapidly  with  increase  in 
temperature.  The  data  relating  to  this  point  are  rather  meager  and 
frequently  somewhat  contradictory,  but  in  general,  the  air  can  be  depended 
upon  to  carry  over  10  per  cent  of  the  vapor,  even  at  low  temperatures. 

The  percentage  carried  is  important  in  that  it  must  either  be  lower 
than  the  explosive  limit,  that  is  less  than  about  2  per  cent,  or  higher,  that 
is  above  5  per  cent.  In  this  country,  the  usual  practice  is  to  produce  a 
mixture  containing  over  5  per  cent  of  the  gasoline  vapor.  The  mixtures 
averaging  from  5|  to  6  gallons  of  gasoline  per  thousand  feet  of  the 
mixture.  This  would  give  a  gas  containing  over  13  per  cent  of  vapor, 
which  is  amply  safe  from  explosion  and  which  would  give  about  16  candle 
power  in  the  Argand  burner  and  will  have  a  calorific  value  about 
570  B.T.U's.  It  can  therefore  be  employed  for  either  lighting  or 
heating. 

During  the  last  few  years  a  number  of  systems  have  been  exploited, 

using  heat  to  assist  in  the  vaporization  of  the  heavier  grades  of  naphtha. 

These  naphthas  have  a  gravity  of  from  .69  to  .71.     These  machines 

either  use  steam  or  a  small  flame  fed  from  the  machine  itself.    They 

1  Blau  Gas:  E.W.,  June  9,  1910,  p.  1516;  L.J.,  June  23, 1908,  p.  842. 


ILLUMINATING  GAS  457 

are  generally  provided  with  automatic  devices  so  that  their  operation 
is  very  simple.  j 

The  great  disadvantage  of  these  systems  is  the  fact  that  the  gas 
has  a  high  sp.  gr.,  about  L26,  so  that  in  case  of  leak  it  does  not  rise 
and  is  thus  less  readily  dissipated  by  the  ordinary  means  of  ventilation. 
The  pipes  that  are  used  to  convey  it  are  generally  of  large  diameter 
and  care  must  be  taken  to  prevent  exposure  to  cold  draughts,  as  the 
gasoline  vapor  present  has  a  tendency  to  condense  out  at  temperatures 
below  40°  F.  and  should  any  volume  of  the  condensate  collect  in  the  pipes 
it  would  be  a  source  of  danger,  in  case  it  passed  over  to  the  burners. 

Another  recent  development  is  the  use  of  mixtures  containing  less 
than  2  per  cent  of  gasoline  vapor  that  is  below  the  explosive  limit.  Such 
mixtures  although  low  in  heating  value  may  be  used  with  a  Welsbach 
mantle  without  further  admixture  of  air* 

Acetylene.  The  use  of  acetylene  as  an  illuminant  in  small  towns 
and  for  isolated  plants  has  developed  to  a  very  considerable  extent  during 
the  last  five  years,  owing  to  the  standardization  that  has  taken  place 
in  the  manufacture  of  calcium  carbide,  while  accurate  data  cannot  be 
had  as  to  the  extent  of  its  use.  Brown's  Directory  of  Gas  Companies 
reports  184  acetylene  town  plants  in  operation  the  first  of  this  year. 
These  works  report  a  total  output  of  nearly  19,000,000  feet.  It  is  probable, 
however,  that  there  are  many  more  plants  in  existence  which  did  not 
take  the  trouble  to  file  their  report.  To  this  must  be  added  a  very 
large  number  of  small  private  plants  lighting  one  or  more  houses  or  a 
factory,  and  a  very  considerable  quantity  of  acetylene  that  is  used  in 
the  portable  tanks  for  automobile  hesidlights,  etc. 

Calcium  carbide  is  manufactured  in  the  electric  furnace  by  fusing 
a  mixture  of  lime  and  coke.  Although  acetylene  was  known  chemically 
as  far  back  as  1836,  and  in  1862  the  formation  of  calcium  carbide  was 
discovered  by  Woehler,  it  was  not  until  Wilson's  discovery  in  1892,  that 
calcium  carbide  could  be  commercially  manufactured  in  the  electric 
furnace,  that  acetylene  became  of  any  importance  as  a  possible  illuminant. 

In  the  manufacture  of  calcium  carbide,  the  purity  of  the  raw  materials 
is  of  great  importance  and  much  of  the  success  in  the  commercial  use 
of  acetylene  can  be  attributed  to  the  care  taken  and  the  chemical  control 
exercised  in  the  manufacture  of  the  carbide.  After  fusion  in  the  furnace, 
the  carbide  is  crushed,  sized  and  packed  in  hermetically  sealed  cans.  Cal- 
cium carbide  as  formed  in  the  electric  furnace  is  a  hard  crystalline 
substance  of  grayish  color  and  weighs  about  138  lbs.  per  cubic  foot. 

It  is  usually  packed  in  cans,  holding  200  lbs.  The  commercial  sizes 
for  large  generators  are  3i  ins.  to  2  ins.  and  for  lamps  1  in.  to  i  in.  and 
some  other  smaller  sizes  running  down  to  dust. 

While  pure  carbide  should  yield  about  5  cu.ft.  of  acetylene  per 
pound,  the  yield  of  gas  varies  with  the  size.  The  larger  lumps  yield 
considerably  more  gas  per  poimd.    The  British  specifications  provide 
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that  the  standard  size  2^  ins.  to  1  in.  shall  yield  not  less  than  4.8  cu.ft. 
at  60°  and  30  ins.  bar.  with  an  allowance  of  5  per  cent  for  the  analysis 
and  that  it  shall  not  contain  more  than  5  per  cent  of  dust  that  will  pass 
a  A  in.  screen.  The  German  specifications  provide  three  grades  for 
sizes  down  to  f  in.  The  price  shall  be  based  on  a  minimum  yield  of 
4.81  cu.ft.  per  pound  with  a  2  per  cent  allowance  for  analysis.  Carbide 
yielding  not  less  than  4.33  cu.ft.,  however,  must  be  accepted  with  a 
proportional  reduction  in  price.  For  the  smaller  sizes,  the  base  yield 
is  4.33  cu.ft.,  and  carbide  must  be  accepted  that  does  not  yield  less  than 
4.01  cu.ft.  The  maximum  amount  of  phosphine  present  in  the  crude 
acetylene  shall  not  exceed  .04  per  cent,  with  an  allowance  of  .01  per 
cent  for  the  analysis. 

The  formation  of  acetylene  from  the  carbide  takes  place  according 
to  the  following  reactions: 

CaC2+H20  =  C2H2+CaO    and    CaO+H20  =  Ca(OH)2. 

This  reaction  does  not  takes  place  below  —5**  C,  however.  This 
reaction  is  exothermic,  but  there  is  some  disagreement  as  to  heat  of 
formation  of  the  acetylene,  the  net  result  of  the  reaction  being  about 
29.1  large  calories.  This  heat  of  formation  is  really  very  important  a^ 
it  must  be  taken  care  of  in  a  design  of  the  generator.  Acetylene  polym- 
erizes very  readily  at  600°  C.  into  benzol  and  at  higher  temperatures 
forming  other  complex  organic  compounds.  For  this  reason,  it  is  essential 
that  ample  water  should  be  present  to  absorb  the  heat  of  the  reaction  or 
other  means  must  be  provided  to  prevent  an  excessive  rise  in  temperature. 
Experiments  on  the  temperatures,  occurring  in  generators,  have  shown 
a  maximum  of  from  280  up  to  as  high  as  807°,  in  one  case  reported  by 
Lewes.  Furthermore,  at  high  temperatures,  the  acetylene  may  decompose 
violently,  the  critical  point  being  about  780°.  The  heat  set  free  may 
thus  result  in  an  explosion,  while  if  any  air  is  present,  it  may  explode  at 
480°  C.  On  accoimt  of  these  facts  it  is  exceedingly  important  that  well- 
designed  generators  should  be  used  for  the  generation  of  the  gas.  The 
generators  may  be  divided  into  two  general  classes:  first,  where  the 
carbide  is  added  to  the  water,  second,  where  the  water  is  added  to  the 
carbide.  Either  of  these  may  be  automatic  or  non-automatic.  The 
American  regulations  require  that  the  maximum  rise  shall  not  exceed 
53°  C,  and  that  there  vshall  be  present  at  least  8\  lbs.  of  water  per 
pound  of  carbide.  While  for  the  hand-fed  generators  the  rise  shall  not  be 
over  91°  C. 

Owing  to  the  rise  of  temperature  in  the  generator,  considerable  water 
is  vaporized  and  passes  off  with  the  gas,  so  that  a  generator  requires 
considerably  more  watei'  than  is  indicated  by  the  reaction,  the  usual 
allowance  being  about  half  a  gallon  per  pound  of  carbide. 

Pure  acetylene  has  a  sp.  gr.  of  .9056;  its  critical  temperature  is  37°  C. 
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and  the  critical  pressure  68  atmos.  The  specific  heat  is  .373  and  its 
calorific  value  is  1440  B.T.Us.  per  cubic  foot.  When  mixed  with  air, 
it  ignites  at  about  430°  C.  Its  explosive  limit  varies  from  about  2.5  to 
55  per  cent. 

At  15**  C.  it  is  soluble  volume  for  volume  in  pure  water,  but  the 
presence  of  lime  or  sodium  salts  in  the  water  such  as  would  exist  in 
the  generator,  reduces  the  solubility  to  about  one-third  of  this  figure. 
Above  two  atmospheres  pressure  and  at  780°  C.  acetylene  is  very  unstable 
and  is  likely  to  decompose  violently.  For  this  reason  liquefied  acetylene 
is  very  dangerous  and  its  use  is  generally  prohibited.  Various  solvents 
such  as  acetone  will  take  up  large  volumes  of  acetylene  and  this  property 
is  made  use  of  in  the  portable  tanks  used  for  automobile  headlights. 
The  tanks  are  filled  with  a  porous  material,  containing  about  80  per 
cent  of  voids,  about  43  per  cent  of  these  are  filled  with  acetone.  The 
acetylene  is  then  compressed  into  the  cylinder  at  a  pressure  of  10  atmos., 
at  which  pressure  the  cylinder  will  hold  about  one  hundred  times  its 
volume  of  acetylene. 

Crude  acetylene,  when  first  generated  from  the  carbide,  contains 
ammonia,  hydrogen  sulphide  and  phosphine,  which  must  be  removed 
before  the  gas  can  be  used  for  indoor  illumination.  The  average 
quantities  in  the  crude  gas  are  probably  as  follows: 

Ammonia 100  to  175  grs.  per  100  cu.ft. 

Hydrogen  sulphide 10  to    50 

Phosphine 20to    40 


((         tt 


The  ammonia  is  readily  removed  by  the  water  in  the  holder  that  is 
usually  a  part  of  each  generator,  but  the  phosphine,  which  is  the  most 
noxious  impurity,  must  be  treated  chemically.  Various  purifying 
materials  have  been  proposed,  most  of  them  based  on  mixtures  of 
bleaching  powder,  slaked  lime  and  some  other  chemical  which  gives 
them  a  claim  for  being  novel.  Another  material  which  seems  to  have 
given  fair  success  is  known  as  heritol.  It  is  composed  of  kieselguhr, 
saturated  with  an  acetic  or  hydrochloric  acid  solution  of  chromic  acid. 
This  latter  material  has  an  advantage,  due  to  the  fact  that  it  changes 
in  color  when  saturated  with  the  impurity. 

Pmified  acetylene  is  usually  burned  to  give  a  luminous  fiame  and 
owing  to  the  richness  of  the  gas,  it  is  necessary  to  employ  small  burners, 
or  else  make  extra  provision  fof  injecting  air  into  the  body  of  the  fiame 
by  the  action  of  the  issuing  gas.  A  usual  form  of  burner  has  two  jets, 
which  impinge  and  form  a  flat  flame,  thus  drawing  air  in  on  all  sides. 
To  assist  in  the  injection  of  the  air  and  to  overcome  the  high  sp.  gr. 
of  the  acetylene,  requires  a  rather  high  pressure,  considerably  higher 
than  that  required  for  coal  gas.  When  burned  in  such  an  open  flame 
biUTier  at  low  rates,  the  horizontal  candle  power,  if  computed  at  a  rate 
of  five  feet  -per  hour,  would  give  from  240  to  250  candle  power.     Cal- 
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culatod  on  the  candle  power  por  foot  p<t  hour,  it  seems  to  give  about 

40  candle  power.     The  oomparativelj-  high  efficiency  of  the  acetylene 

fiame  is  due  not  only  to  its  high  carbon  content,  but  also  to  its  very  high 

flame  temperature,  which  results  in  part  from  the  strongly  endothermic 

nature  of  the  gas,  disenga^ng  a  large  quantity  of  heat  when  it  is  di^ 

sociated,     Mahler  gives  the  flame  temperature  at  23S0''C  while  Le  Chat- 

elier  estimates  it  from  2100  to  2400°C.     This  is  reflected  in  the  high  duty 

obtained    when    acetylene    is    burned    in    a 

Welsbach    mantle   where    from     120  to   140 

candles  per  foot  are  obtained. 

Owing  to  the  relatively  high  cost  of  the 
heat  units  in  acetylene,  it  is  not  an  eoonom- 
icaJ  fuel,  but  stoves  are  now  on  the  market 
which  utilize  its  high  heating  value  (1440 
B.T.Us.)  very  efficiently  and  satbfactorily,  and 
in  isolated  localities,  where  it  is  already 
employed  for  lighting,  it  may  serve  a  very 
useful  purpose  where  economy  is  not  of  piime 
importance. 

In  connection  with  the  distribution  of 
acetylene  care  roust  be  taken  to  insure  per- 
fect tightness  in  the  distributing  system, 
owing  to  the  high  value  of  the  gas.  The 
use  of  copper  wherever  the  gas  may  come  in 
contact  with  it,  must  be  avoided,  as  acetylene 
forms  a  very  explosive  compound  when  brought 
into  contact  with  copper.  This  compound  is 
known  as  copper  acctylide,  a  body  to  which 
Blochmann's  formula  CzHzCuaO  is  generally 
a.scribed.' 

Methane-Hydrogen    Gas.      There   are    a 

number  of  special  processes  which  have  been 

developed  to  furnish  gas  either  from  by-prod- 

Fio.  251.— Methane-Hydro-       "'^*^  °^  ^o""  special  purposes;  among  these  is  the 

gen  Generator.  so-called    methane-hydrogen    gas,   which   was 

designed  to  utilize  tar.     The  cross-section  of 

tlie  generator,  Fig.  251,  is  shown  in  the  cut.     The  tar  is  sprayed  into  the 

combustion  chamber,  where  it  is  vaporized,  and  then  passes  through  the 

bed  of  fuel,  which  is  raised  to  incandescence  by  an  air  blast.     In  contact 

with  the  carbon,  the  ring  compounds  from  the  tar  arc  decomposed.     The 

principal  product  is  hydrogen,  together  with  10  or  15  per  cent  of  methane, 

carbon   monoxide  and   a   small   percentage  of   illuminants.     While  the 

'  Acetylene:  P.A.  Oct.  15,  1908,  p.  609;  G.W.,  June  20,  1908.  p.  780;  L.J.,  June 
■9,  1908,  p.  633;  L.J.,June  19,  1906,  p.  781;  Eng.,  March  2,  1906,  p.  261;  En.M., 
May,  1904,  p.  259;  P.A.,  Nov.  2.  1903,  p.  528. 
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illuminating  value  of  the  gas  is  low,  it  can  be  readily  enriched  with 
benzol,  if  required,  and  furnishes  a  commercial  solution  for  the  gasifica- 
tion of  tar  or  the  manufacture  of  a  low  grade  of  gas.  Analyses  of  this 
gas  show  about  the  following  composition: 

lUuminants 3      per  cent 

Carbon  monoxide 15 

Hydrogen 64 . 2 

CH4 12 

C2H6 0 

CO2 :     2.3 

Oxygen 2 

Nitrogen 3 

Candle  power 11 

jl3.X>U*  S 4UU« 

The  same  principle  is  utilized  in  the  Rincker  and  Wolter  system, 
which  was  designed  to  utilize  tar  and  heavy  oil  residues  which  could  not 
be  handled  in  the  ordinary  carburetted  water  gas  apparatus.  A  mixtiu'e 
of  two  parts  of  oil  residue  and  one  part  of  water  gas  tar  is  sprayed 
downward  on  the  bed  of  heated  fuel,  decomposing  the  hydrocarbons. 
The  free  carbon,  which  is  liberated,  settles  on  the  coke  and  is  burned 
during  blasting.     They  claim  a  composition  as  follows: 

Uluminants 8.8  per  cent 

CO 3.3 

H2 59.2 

CH4 17.9 

CO2 1.0 

Oxygen 3 

Nitrogen 9.5 

The  calorific  value  may  be  varied  between  350  and  650  B.T.U.'s.  A  mix- 
ture of  equal  parts  of  coal  tar,  water  gas  tar  and  Java  residue  would 
yield  about  20,000  ft.  per  ton  of  500  B.T.U.  gas.  This  process  can  be 
varied  so  that  the  more  complete  decomposition  is  secured  and  a  high 
jdeld  of  hydrogen  obtained,  thus  making  a  gas  suitable  for  balloon 
purposes. 

Balloon  Gas.  Owing  to  increased  interest  in  aeronautics,  there  is 
a  demand  now  for  gas  suitable  for  inflating  balloons.  Such  a  gas  should 
have  a  low  gravity  so  as  to  have  a  minimum  lifting  power  of  about 
43.6  lbs.  per  thousand  cubic  feet.  This  would  correspond  to  a  gravity 
of  .43.     Apparently,  a  gravity  of  about  .33  is  considered  the  most  efficient, 

*  Methane  hydrogen:  L.J.,  April  25,  1905,  p.  225. 

Rincker-Walter:  Le  G.C.,  Feb.  5,  1910,  p.  271;  L.J.,  Nov.  24,  1908,  p.  553. 

Balloon  Coal  Gas:  L.J.:  Aug.  23,  1910,  p.  512. 

Ilium.  Gas  Processes:  E.N.,  Dec.  9,  1909,  p.  640;  P.A.,  April  15,  1909,  p.  324. 
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owing  probably  to  the  greater  loss  by  diffusion  through  the  fabric  if  lighter 
gravities  were  used.  A  nuumber  of  processes  have  been  devised  to  prepare 
suitable  gases  with  the  ordinary  manufacturing  apparatus.  Such  a  process 
has  been  patented  where  the  standard  form  of  carburetted  water  gas 
apparatus  is  used.  In  carrying  out  this  process  the  fire  is  carried  low, 
and  just  enough  steam  is  admitted  to  prevent  burning  out  the  grate  bars 
and  to  keep  down  clinker.  After  the  fire  has  been  brought  to  a  working 
temperature  with  the  blast,  from  15  to  20  per  cent  of  the  oil  is  admitted 
to  the  top  of  the  fire.  This  purges  the  set  of  the  heavy  products  of  com- 
bustion. The  stack-valve  is  then  closed  and  the  remainder  of  the  oil 
admitted.  The  valves  are  reversed  and  a  small  amount  of  steam  is 
turned  on  under  the  fire,  which  passing  up  through  the  fuel  bed 
generates  water  gas,  clears  the  machine  of  the  oil  gas  and  is  used 
to  reduce  the  gravity  to  the  point  desired.  The  oil,  partially  decomposed 
in  the  fuel  bed  is  completely  decomposed  in  the  fixing  chambers,  due  to 
their  very  high  temperature.  In  this  way  the  illuminants  which  have  an 
injurious  action  on  the  rubberized  fabric  are  practically  eliminated,  and 
by  suitably  varying  the  amount  of  steam  any  desired  gravity  may  be 
made.  Two  analyses  of  this  gas  show  the  possibility  of  varying  the 
gravity: 

Illuminants 1      and      .4  per  cent. 

CO 15.3    "  5.2 

Hydrogen 63.7    "  75.4 

Methane 11.0    "  10.4 

Ethane 8    "  .0 

Carbon  dioxide 2.6   '*  1.0        *' 

Oxygen 5    ''  .6 

Nitrogen 5.1    *'  7.0 

Specific  gravity 37  "  .35       '' 

Another  process  for  manufacturing  a  very  low  gravity  gas  depends 
on  the  decomposition  of  ordinary  coal  gas  by  passing  it  through  hot  coke  in 
a  retort.  The  retort  is  raised  to  a  temperature  of  about  1200°  C. 
A  10-ft.  retort  will  produce  about  300  cu.ft.  of  gas  per  hour,  the  gravity 
depending  somewhat  upon  the  quality  of  the  coal  gas,  ranging  from  .22 
to  .3.     Its  analysis  is  about  as  follows: 

Illuminants nil 

CO 7.3  per  cent. 

Hydrogen 80 . 7 

Methane 6.9 

CO2 nil 

O2 nil 

Nitrogen ^ 5.1 
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General  Processes.  We  have  heretofore  considered  only  the  raanufsc- 
ture  and  purification  of  the  several  commercial  gases,  as  these  processes 
have  differed  considerably  for  each  class.  We  will  now  take  up  several 
steps  that  while  they  more  property  belong  to  the  distribution  of  the 
gas,  yet  they  are  undertaken  at  the  plant  and  may  now  be  briefly 
considered  here  as  being  common  to  all  the  various  classes. 

After  the  gas  passes  the  purifier  it  is  metered  in  order  that  a  proper 
check  may  be  kept  upon  manufacturing  operations.  The  volume  of  gaa 
made  is  usually  corrected  to  60°  F. 

The  usual  form  of  meter  in  use,  Fig.  252,  is  the  wet  dnmi  meter,  which 


Fia.  252.— Station  Meters. 

Operates  by  the  displacement  of  a  water  sealed  drum,  and  this  is  the  only 
form  of  meter  that  actually  isolates  a  definite  volume  of  the  gas  and  records 
it.  Recently,  the  so-tailed  dry  rotary  meter  has  been  introduced.  In  this 
form  the  velocity  cf  the  gas  passing  through  definite  orifices  is  measured 
and  recorded  by  a  form  of  anemometer.  Another  form  of  meter  which 
has  just  been  introduced  is  the  electric  meter,  which  automatically  records 
the  mass,  and  therefore  volume,  at  a  definite  temperature  of  the  gas  by 
the  rise  in  temperature  of  the  stream  of  the  gaa  that  has  had  a  definite 
quantity  of  heat  added  electrically.  In  large  installations,  particularly 
in  the  coke  oven  industry,  where  large  volumes  of  gas  have  to  be  measured 
and  absolute  accuracy  is  not  required,  Venturi  meters  have  been  used 
with  automatic  integrating  mechanism.     These  have  been  successfully 


464  INDUSTRIAL  CHEMISTRY 

used  where  the  flow  is  fairly  uniform  and  their  use  was  desirable  owing 
to  low  installation  cost. 

The  analytical  control  of  the  gas  is  generally  confined  to  tests  for  the 
presence  of  sulphuretted  hydrogen,  which  are  made  by  allowing  a  stream 
of  the  gas  to  impinge  upon  a  piece  of  paper  treated  with  a  lead  acetate 
solution. 

Gas  Analysis.  The  organic  sulphur  compounds  are  determined  by 
burning  a  definite  quantity  of  the  gas  in  an  atmosphere  of  ammonia. 
The  products  are  condensed  and  the  sulphur  determined  as  sulphate  by 
precipitating  with  barium  chloride.  In  the  analysis  of  the  gas  itself 
for  its  constituents,  a  modified  form  of  Hempel  apparatus  is  usually 
employed.  The  burette  is  provided  with  a  manometer  tube  and  water 
jacket,  which  enables  the  volume  to  be  corrected  automatically  to  a 
definite  temperature  and  pressure.  The  constituents  usually  determined 
are  illuminants  by  absorption  in  bromine  water,  carbon  monoxide  by 
absorption  in  an  acid  solution  of  cuprous  chloride,  CO2  by  absorption 
in  potassium  hydroxide  and  oxygen  by  treatment  with  yellow  phos- 
phorus. After  the  absorptions  are  completed,  a  portion  of  the  residue 
is  mixed  with  air  and  exploded,  and  the  contraction  and  CO2  formed 
determined. 

Another  portion  of  the  residue  is  mixed  with  air  and  subjected  to 
partial  combustion  over  palladium  black,  the  contraction  and  CO2  formed 
being  again  determined.  From  this  data  it  is  possible  to  calculate  the 
percentages  of  hydrogen,  methane,  ethane  and  any  residual  CO  which 
may  have  escaped  the  absorption. 

The  nitrogen  is  determined  by  difference,  and  is  checked  by  deter- 
mining the  amount  left  in  the  residue  from  the  explosion. 

While  a  number  of  methods  have  been  proposed  for  the  determination 
of  the  benzol  vapors  in  the  gas,  none  of  them  have  given  very  satisfactory 
results.  The  more  accurate  method  of  PfeiflFer,  in  which  the  benzol  is 
nitrated  and  then  determined  volimietrically,  is  very  slow  and  tedious, 
while  the  methods  of  Dennis  and  O'Neil  and  St.  Clair  Deville  do  not 
apparently  give  satisfactory  results.  Attention  is  called  to  a  paper  by 
Mr.  E.  A.  Eamshaw,  Franklin  Institute,  for  details  in  the  analysis  of  gases. 
The  illuminating  value  is  usually  determined  with  a  Bunsen  photo- 
meter, Fig.  253;  using  the  Leeson  Star  disks  in  the  comparison  head. 
The  pentane  lamp  is  now  considered  the  standard  of  light  of  the  American 
Gas  Industry.  Its  value  as  compared  with  other  sources  is  given  in  the 
table  below: 

Value  of  International  Candles 

(See  Electrical  World,  May  27,  1909,  p.  1259) 
1  pentane  candle  =  1  Bougie  decimale; 

=  1  American  candle; 
=  1.11  Hefner  unit; 
=  .104  Corcel  unit. 
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In  connection  with  the  determination  of  the  illuminatii^  value, 
attention  is  called  to  the  report  of  the  Committee  on  Photometry, 
presented  to  the  American  Gas  Inst.,  1907.  The  calorific  value  of 
the  gas  is  usually  determined  in  a  Junker,  or  modified  Junker,  calo- 
rimeter. For  details  regarding  the  standard  methods  of  conducting 
this  test,  recourse  should  be  had  to  the  report  of  the  Committee  on 
Calorimetry  of  the  American  Gas  Inst,  for  the  years  1908  et  seq.  See 
also  Chapter  IV. 

Utilization  of  Residuals.  The  residuals  that  are  extracted  in  the  course 
of  the  purification  of  the  coal  gas  are  worked  up  differently  according  to 


Fio.  253. — Photometer  Room.    .^Iso  showing  apparatus  for  lestinK  sulphur  content. 

the  local  conditions.  In  many  of  the  smaller  plants  the  ammonia  liquor 
is  sold  as  a  crude  liquor  containing  from  1  to  1|  per  cent  of  ammonia. 
This,  of  course,  entails  heavy  freight  on  the  large  diluting  bulk  of  water, 
so  that  now  the  crude  is  generally  concentrated.  A  sketch  of  the  form  of 
apparatus  frequently  used  is  given  in  Fig.  254.  In  tliis  apparatus  the 
crude  liquor  is  first  heated  by  steam  to  drive  off  the  volatile  ammonia. 
It  is  then  treated  with  milk  of  lime  and  heated  further  to  decompose  the 
fixed  ammonium  salts.  The  va]>or  is  condensed  and  carries  the  ammonia 
in  solution.  This  result-s  in  a  liquor  containing  upwards  of  15  to  20  per 
cent  of  ammonia,  so  that  it  will  stand  shipment  for  a  considerable  distance 
to  the  refining  plant. 
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ANALYSIS  OF  AMMONIA  LIQUOR 

Crudt  W«kk  Liqoor. 


Ammonia;  Neutral  carbonate. . 

Acid  carbonate 

Sulphide 

Sulphate 

Chloride 

Hydrate 

Sulphocyanide 

Thioeulphate 

Femcyanide 

Total  ammonia  in  Uquor 


2.5 


29.2 
tr. 
8.73 


15.79 


In  a  few  plants  in  this  country  the  liquor  is  worked  up  into  ammonium 
sulphate.  A  sketch  of  the  appai-atus.  Fig.  255,  used  for  this  purpose 
shows  that  the  ammonia 
is  driven  off  in  the  same 
manner  as  in  the  concentra- 
tor, but  the  gas  is  absorbed 
in  sulphuric  acid  in  what  is 
known  as  a  saturator.  The 
solution  of  ammonium  sul- 
phate thus  formed  is  brought 
to  such  a  strength  that  the 
salt  crystalliises  out.  The 
wet  salt  is  removed  and 
centrifuged  to  eliminate  the 
water,' 

The  utilization  of  coal 
tar  has  developed  into  such 
an  important  industry  that 
it  is  only  undertaken  at  a 
few  of  the  larger  plants. 
It  is  generally  sold  as  crude 
tar,  to  the  nearest  refiners, 
where  it  is  worked  up, 
being  distilled  into  four 
of     five     crude     fractions. 

The  residue  remaining  after 
Fio.  254. — Ammonia  Concentrator.  .,       ,.  ..„  ,.  -  ^i      » 

the  distillation  of  the  frac- 
tion is  sold  as  refined  tar  for  treating  roads  and  other  purposes,  or  pitch. 
These  crude  fractions  are  further  treated  by  distillation,  washing  with  sul- 
phuric acid  and  soda,  and  yield  refined  products  after  further  distillation 

'Ammonia:  PA.,  May  1,  1911,  p.  37;  P.A.,  July  1,  1909,  p.  522;    P.A.G.I.,  1911; 
P.A.,  April  16,  1910,  p.  308;  L.J.,  Nov.  15,  1910,  p.  474;  L.J.,  Mi^  21, 1907,  p.  523. 
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Fi(i.  255. — Ammonium  Sulphate  Plant. 
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auch  as  benzol,  toluol  aiwl  xylol.  The  first  fractions  are  usually  re- 
distilled and  carbolic  arid  compounds,  creoMoting  oil  and  other  products 
obtained.' 

Where  the  cyanogen  is  extracted  it  Is  worked  up  according  to  the 
process  in  use;  that  employed  by  the  British  Cyanides  Co.  produces 
ammonia  and  ammonia  sulpho-cyani<le,  which  is  then  converted  inty 
potassium  cyanide  or  ferro-cyanide;  the  Bueb  system  recovers  the 
cyanogen  as  Prussian  blue  and  ammonium  sulphate.  The  Prussian  blue 
is  decomposed,  and  potassium  ferrocyanide  is  formed. 


Flu.  256,— Showinn  the  Gaaometers  filled  and  ready  for  the  uonauincr. 

The  .'(pent  oxide  from  the  purifiers,  which  contains  considerable  quanti- 
ties of  free  sulphur,  Prussian  blue  and  ammonium  salts,  is  usually  worked 
up  for  the  ammonium  salts  and  the  cyanogen,  as  the  presence  of  the  tar 
renders  it  valueless  for  the  pnKluction  of  sulphuric  acid. 

'  Tar:  P.A.S.C.E.,  Jun.  11,  p.  140;  C.W.,  April  251.  191],  )).  ;>29;  P..V.C.I..  1911; 
G.W.,  June  25,  1910,  p.  H71 ;  P,.\,a.I.,  1909,  p.  333;  C.E.,  Sopl.  1909. 

CyanoRen:  P.A.G.I.,  1910,  p.  221:  L.J.,  March  24,  1908,  p.  767;  L.J.,  Dec  17, 
1907,  p.  841;  L.J.,  May  5,  19(H,  ]>,  294;  L.J.,  Aprii  21,  1903,  p,  l.W;  Die  Technologic 
dcr  CysDverbiiidungen  Ucilclsnianii  Cyaiiidi;  Industrie,  Robiiic  and  I>enKlen. 
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COAL  TAR  AND  ITS   DISTILLATION  PRODUCTS 

F.  E.  DODGE, 
Consulting  Chemical  Engineer,  Xorristown,  Pa. 

Coal  Tar.  This  is  the  black,  foul-smelling,  oily  mixture  which 
separates  from  the  gases  formed  in  the  destructive  distillation  of  coal. 
The  raw  tar  is  composed  of  light  oils,  pyridine  bases,  phenols,  naphthalene, 
anthracene,  heavy  oils,  pitch,  complex  organic  compounds  insoluble  in 
benzene,  and  known  as  free  carbon,  water,  ammonia,  and  dissolveil 
constituents  of  the  ga»s.  It  varies  greatly  in  composition  and  may  be 
divided  into  retort  gas  tar  and  oven  gas  tar,  according  to  its  method  of 
production. 

Retort  Gas  Tar.  This  tar  is  obtained  as  a  condensation  product 
in  the  hydraulic  mains,  scrubbers,  or  condensers,  in  the  manufacture 
of  coal  gas  for  illuminating  purposes.  It  is  less  fluid  and  contains  less 
of  the  lighter  hydrocarbons,  more  naphthalene,  anthracene  and  their 
accompanying  oils,  and  more  free  carbon  than  tars  from  some  other 
sources.  The  composition  varies  with  the  heats  and  coals  employed. 
The  lower  the  carbonization  temperature  of  any  coal  the  more  fluid 
the  tar  and  the  lower  the  free  carbon  content. 

The  specific  gravity  of  the  dry  (wat(T-free)  tar  varies  from  LIO  to 
1.25  or  even  somewhat  higher. 

It  contains  from  20  to  40  per  cent  of  free  carbon  and  yields  on  dis- 
tillation from  1  to  5  per  cent  of  light  oil  to  about  200°  C,  30  to 
50  per  cent  h(^avy  oil,  including  naphthalene,  anthracene,  phenols,  and 
accompanying  oils,  from  200°  C.  to  the  coking  temperature,  and  from 
45  to  65  p(T  cent  coke;  or  if  distilled  to  pitch  the  yiekl  would  be  light 
oil  1  to  5  per  cent,  heavy  oil  25  to  40  per  cent,  and  pitch  50  to  75  per 
cent. 

Oven  Gas  Tar.  This  material  is  obtained  as  a  by-product  in  the 
distillation  of  coal  in  retort  coke  ovens.  It  is  similar  to  retort  gas  tar, 
except  that  it  is  more  fluid.  It  contains  more  of  the  hydrocarbons,  and 
considerably  less  free  carbon,  which  latter  usually  runs  from  12  to  20  per 
cent. 

The  composition  of  course  changes  Avith  the  coal,  with  type  of  oven, 
and  with  the  coking  temperature. 
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Blast  Furnace  and  Producer  Gas  Tars.  Those  are  of  no  commercial 
importance  in  this  country  and  will  not  be  considered.  Owing  to  the 
low  heats  these  products  are  entirely  different  and  in  most  cases  will 
be  useless  for  the  purposes  for  which  coal  tar  is  used. 

Water  Gas  Tar.  From  the  manufacture  of  carl)uretted  water  gas 
for  illuminating  purposes,  the  tar  obtained  differs  mainly  from  coal  tar 
in  the  entire  absence  of  tar  acids  (the  phenol  group),  ammoniacal  liquor, 
and  in  the  small  amount  of  free  carbon  present,  which  is  usually  less 
than  2  per  cent  in  these  tars. 

The  specific  gra\'ity  varies  from  1.005  to  1.15,  but  is  usually  between 
1.03  and  1.12  in  tars  from  the  larger  and  more  carefully  supervised  works. 

Dry  water  gas  tar,  when  distilled,  yields  from  5  to  15  per  cent  of 
light  oil  to  200°  C,  30  to  50  per  cent  of  heavy  oil  from  200**  C.  to  pitch, 
and  35  to  60  per  cent  of  pitch. 


Fig.  257. — European  Tar  Still. 

Pintsch  or  Oil  Gas  Tar.  This  comes  from  the  manufacture  of  oil 
gas  used  for  railway  lighting.  It  is  similar  to  water  gas  tar,  but  contains 
much  larger  amounts  of  free  carbon,  frequently  25  to  30  per  cent,  or 
even  more. 

Application  of  Tar.  Tar  is  little  used  in  the  crude  state,  but  is  refined 
by  removing  the  water  and  more  or  less  oil  l)y  distillation.  In  this 
condition  it  is  used  to  saturate  roofing  felt,  to  coat  roofs  laid  with  plain 
tar  felt,  as  a  cheap  paint,  and  to  coat  wood  which  is  to  be  buried  in 
the  ground.  With  more  oil  removed  it  is  used  as  a  binder  in  asphalt 
pavements  and  tar-macadam  roads.  With  an  admixture  of  water,  it  is 
used  to  sprinkle  Telford  and  Macadam  roads  to  prevent  dust. 

Tars  are  separated  into  their  valuable  constituents  by  distillation. 
Tlie  stills.  Figs.  257  and  258,  may  l)e  either  horizontal  or  vertical  cylinders 
set  in  brick  work  and  heated  by  direct  fire  similar  to  steam  boilers. 
Stills  vary  in  size  and  in  design.  Those  with  a  capacity  of  10,000  gallonjs 
are  not  uncommon,  but  most  stills  have  less  than  half  this  capacity.     The 
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European  practice  is  to  use  vertical  stills  with  convex  top  and  concave 
bottoms. 

The  top  and  si<les  are  constructed  of  half-inch  boiler  plate,  while 
the  bottoms  are  frccjuuntly   from    1   to    IJ-   ins.   in   thickness   and   are 


protected  from  tlie  direct  lieat  of  the  fire  ))y  a  l)rick  arcli.  The  liot 
gases  from  the  fire  are  led  around  the  lower  half  of  the  still  in  flues. 
The  American  practice  is  to  use  horizontal  stills  heated  on  slightly 
less  than  half  of  their  cylindrical  surface  protected  by  an  arch  directly 
over  the  fire  and  so  designed  that  the  portion  of  the  shell  heated  may 
be   readily   replaced   when   damaged.     The   still   is  etjuipped   with   the 
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usual  worm,  which  may  te  made  of  either  cast-  or  ^Tought-iron  pipe 
with  receivers,  and  with  a  pitch  cooler.  The  objections  to  ca.st-in>ii 
worms  are  their  numerous  joints  and  greater  weight.  Since  the  develop- 
ment of  electric  welding  wrought-iron  worms  may  he  made  of  any  desirecl 
length  with  no  joints  to  give  trouble.  Where  high-carl)on  tars  are 
worked,  stills  must  l)e  provided  with  suitable  means  of  agitating  to  prevent 
the  carlK)n  l)ecoming  caked  upon  the  heated  part  of  the  shell.  Drap 
chains  were  formerly  employed  for  this  purpose,  but  compressed  air  or 
superheated  stc^am  are  now  more  often  used,  as  they  serve  to  keep  the 
still  clean  and  assist  in  removing  the  high-lK)iling  oik. 

Distillation  of  Tar.  The.  operation  of  tar  stills  varies  considerably 
at  different  works.  The  receivers  are  changed  at  different  temperatures 
and  therefore  the  products  are  not  uniform.  In  America  it  is  the  more 
common  practice  to  fraction  as  light  oil  until  the  distillate  commences 
to  sink  in  water,  and  as  heavy  oil  or  creosote  oil  from  that  point 
to  pitch.  Very  little,  f  any,  anthracene  is  made  in  this  countr\',  as 
most  of  the  tar  is  run  only  to  soft  pitch  ^^^th  a  melting-point  between 
60  and  80^  C. 

The  European  practice  is  different.  From  four  to  six  fractions  an* 
taken  before  the  pitch  and  a  very  large  percentage  of  the  tar  is  run  to 
hard  pitch.  The  following  ^vill  show  the  most  common  fractions  and 
the  temperatures  of  the  *'  cuts." 

Amkkicax  Pkactice  EniopKAN  Practk^e 

Liglit  oil,  or        \  Till  oil  sinks  in  water  First  li|?lit  oil,  or    '.  ry^^  j  j^o  q 

Cnidv  naphtha  i  about  200**  C.  First  runninjc*       J 

LiKhtoil,or  |iio«to200°r. 


Second  light  oil 


f 


Heavy  oil,  1  .yr^o  p  Carbolic  oil  200°  to  240*»  C. 

Dciul*  oil,  or  r*'^  .,7;  CmxHoto  oil  240°  to  270°  C. 

Creosote  oil  J       *  Anthracene  oil  270°  to  pitch 

Pitch  Residuum  Pitch  Residuum 

The  tar  is  usually  charged  into  the  hot  still  (from  the  previous  run). 

The  fire  is  Ughted  when  the  charging  is  alx)ut  half  completed.  The 
fire  must  be  carefully  regulated  till  the  rumbling  or  crackling  noise  in 
the  still  ceases,  which  denotes  that  the  water  has  all  been  driven  over. 
The  firing  can  now  be  pushed  so  that  the  distillate  runs  at  the  rate  of 
200  to  400  gallons  per  hour.  When  the  desired  grade  of  pitch  has 
been  obtained,  the  fire  is  drawn  and  the  pitch  is  run  or  drawn  into  the 
pitch  cooler,  a  closed  tank  with  a  manhole  having  a  loose-fitting,  free- 
opening  lid  which,  while  it  acts  as  a  safety  valve,  prevents  free  access 
of  air.  The  pitch,  when  sufficiently  cooled,  is  filUxl  directly  into  barrels 
for  shipment  or  storage. 

The  fraction  to  2(X)°  C  contains  water,  animoniacal  liquor,  crude 
benzols,  pyridine  bases,  and  a  part  of  the  naphthalene,  heavy  oil  and 
phenols.  The  second  fraction  from  200°  (\  to  soft  pitch  (al)Out  270°  C.) 
consists  of  phenols,  naphthalene,  heavy  oil   and  some  anthracene,  though 
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the  greater  part  of  the  anthracene  comes  over  above  270**  C.  If  the 
distillation  is  continued  to  hard  pitch  a  cut  could  profitably  be  made 
at  about  270°  C,  above  which  point  most  of  the  anthracene  and  anthra- 
cene oil  would  be  obtained.  The  treatment  of  the  fractions  as  obtained 
by  the  American  practice  only  will  be  considered  with  incidental  allu- 
sions to  the  foreign  methods. 

The  light  oil  fraction  is  allowed  to  settle  and  the  anmioniacal  liquor 
or  water  is  draA\Ti  off.  The  pyridine  bases  are. not  as  a  rule  recovered 
in  this  country,  but  are  allowed  to  remain  in  the  heavy  oil  with  the 
phenols.  If  it  is  desired  to  separate  them  the  light  oil  is  agitated  with 
dilute  sulphuric  acid  in  a  lead-lined  cone-bottomed  tank,  fitted  with 
a  lead-covered  propeller,  usually  supported  entirely  outside  the  tank, 
which  mixes  the  contents.  After  the  pyridine  bases  have  been  renlbved 
the  oil  is  transferred  to  a  similar  iron  tank,  in  which,  in  order  to  remove 
the  phenols,  it  is  treated  with  caustic  soda  solution  of  about  1.116 
specific  gravity.  After  the  carbolates  have  been  drawn  oflf,  the  oil  is 
charged  in  a  still,  of  2000  to  3000  gallons  capacity,  similar  to  a  tar 
still,  but  having  in  addition  a  column  and  condenser  for  fractionally 
condensing,  Figs.  259  and  260,  and  washing  the  vapors  coming  from  the 
still.     The  following  fractions  are  usually  taken: 

Crude  90  per  cent  benzol,  to  95°  C. 

Crude  toluol,  95  to  125°  C. 

Crude  solvent  naphtha,  125  to  170°  C. 

Heavy  naphtha,  170  to  200°  C 

Residue. 

The  residue  consists  of  naphthalene,  heavy  oil,  and  phenols  if  not 
previously  extracted.  It  should  be  added  to  the  second  fraction  from 
the  tar  still. 

In  some  works  only  three  fractions  are  made  in  the  light-oil  still, 
the  first  two  being  combined  and  this  fraction  being  subjected  before 
washing  to  another  distillation  in  a  steam-heated  column  still.  The 
fraction,  consisting  of  benzene,  toluene,  xylene,  and  their  impurities, 
would  be  cut  as  follows: 

Crude  90  per  cent  benzene up  to    95°  C'. 

Intermediate  fraction  (which  is  rerun) 95  to  105°  C. 

Crude  toluene 105  to  120°  C. 

Crude  solvent  naphtha  (added  to  that  traction) .  120  to  125°  C. 

The  purification  of  these  fractions  consists  in  the  polymerization 
of  the  unsaturated  compounds  and  the  removal  of  the  dissolved  poljui- 
erized  hydrocarbons  by  distillation.  The  oil  is  treated  with  successive  small 
portions  of  sulphuric  acid,  1.835  sp.gr.,  in  an  agitator  tank,  Fig.  261, 
similar  to  the  one  used  for  pyridine  extraction.  The  agitator  for  washing 
with  strong  acid  can  be  lined  with  lead.     A  better  construction  is  of  cast 
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iron  with  leaded  joints  of  the  bell-and-spigot  type,  similar  to  those  used 
on  cast-iron  water  pipe,  and  with  a  conical  bottom  to  permit  of  complete 
separation  of  the  acid  and  the  oil.  The  several  small  portions  of  acid 
are  agitated  with  the  oil,  allowed  to  settle  for  a  few  minutes  and  the 
acid  tar  composed  of  spent  acid  and  polymerized  hydrocarbons  drawn 
off.  Care  must  be  taken  to  remove  the  acid  tar  completely  after  the 
final  application  of  acid.  The  acid  necessary  for  a  satisfactory  puri- 
fication of  the  oil  should  be  determined  by  a  laboratory  test  after  eaeh 
addition  of  acid.  If  too  little  acid  is  used  the  tarry  products  are  apt 
to  separate  and  clog  the  draw-oflf,  and  if  too  much  is  used  the  spent  acid 
will  be  very  thin  and  fluid.  A  good  wash  is  usually  obtained  when 
between  ^  and  |  of  a  pound  of  acid  is  used  per  U.  S.  gallon.     This  is 
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Fici.  259.— Benzol  Still. 

applied  in  four  to  six  successive  portions.  In  this  way  a  better  wash  and 
a  larger  yield  will  result  together  with  a  saving  of  acid.  Fonnerly  it  was 
usual  to  wash  the  oil  two  or  three  times  with  water,  but  as  this  serves 
only  to  reduce  slightly  the  caustic  soda  necessary  to  remove  all  the 
acid  remaining  in  the  oil,  and  as  it  adds  materially  to  the  time  required 
to  complete  the  wash,  it  has  been  in  most  cases  discontinued.  The  oil 
is  finally  treated  with  sufficient  10  per  cent  caustic  soda  solution  to 
remove  all  traces  of  the  acid.  The  washed  oil  is  distilled  in  a  steam- 
heated  still  which  leaves  behind,  as  a  viscid  mass,  the  poljrmerization 
products  that  were  dissolved  in  the  oil.  This  residue  is  reported  to  have 
some  application  in  waterproofing  paper. 

The  final  fractioning  of  the  refined  oils  is  conducted  in  steam-heated 
stills  with  columns  similar  to  those  used  for  the  rectification  of  spirits. 
They  consist,  Fig.  260,  of  a  series  of  plates,  inclosed  in  a  shell,  with  nozzles 
extending  from  their  upper  side,  over  which  are  inverted  saucers  or  caps 
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so  designed  as  thorouglily  to  mingle  (he  ascending  vapors  with  the 
descending  condensed  oils  and  yet  prevent  foaming  as  far  as  possible. 

These  columns  were  formerly  made  entirely  of  copper,  as  is  the 
practice  in  alcohol  rectification,  l>ut  cast  iron,  wrought  iron  and  steel 
are  better  materials,  cost  less  and  are  not  acted  upon  by  the  sulphur 
compounds  contained  in  the  oils.  Columns  frequently  have  as  manj^ 
as  thirty  sections  to  do  the  best  work,  though  by  far  the  greater  part 
of  the  fractioning  is  done  in  the  first  ten  or  twelve  sections. 

Benzol.  The  crude  benzols  from  light  oil  are  colorless  when  freshly 
distilled,  but  they  soon  become  a  pale  straw  color  and  continue  to 
darken  for  some  time.  They  are  known  in  the  trade  as  crude  or 
*'  straw-color  "  benzols  of  the  various  grades. 


Fraction.  i  Sp<'cifip  Ciravity. 

Straw-oolor  benzol     .    .       ',    0.860-0.875 
(  rude  90  per  cent  bonzol  .  ; 

Straw-color  toluol 0.860-0.875 

C  rude  toluol J  , 

C Vude  solvent  miphtlia 0 .  870-0 .  885 

Heavy  naphtha '  0.925-0.940 


1 

5-10% 

90<ii 

Dry. 

Flash-point. 

80°  C. 

100°  C. 

120°  C. 

below  0°  C. 

100°  C. 

120°  C. 

140°  C. 

below  0°  C. 

130°  C. 

lt)0°  C. 

190°  C. 

22-26°  C. 

160°  C. 

210°  C. 

220°  C. 

43-45°  C. 

These  crude  oils  are  chiefly  used  as  solvents  where  their  odors  are  not 
ol)jectionable.  Crude  solvent  naphtha  and  heavy  naphtha  are  also 
used  as  thinners  in  certain  cheap  paints. 

Of  the  refined  oils  three  are .  vseparated  in  a  pure  state,  C.P.  benzol, 
C.P.  toluol,  and  xylol.  The  first  two  distill  entirely  within  2**  C,  while 
the  last  is  a  mixture  of  the  three  xylenes  and  distills  from  135  to  145*^  C. 

(\P.  benzol  or  benzene,  has  sp.gr.  .875  to  .884.  Freezing-point  4°  C, 
boiling-point  80°  C.  It  should  distill  completely  within  2©  C,  be  color- 
less and  have  the  characteristic  odor.  It  should  not  be  colored  on  shaking 
with  one-half  its  volume  of  C'.P.  sulphuric  acid,  1.84  sp.gr.,  and  the  acid 
should  be  only  slightly  colored  after  standing  for  half  an  hour.  It 
should  be  free  from  thiophens,  contain  only  traces  of  carbon  disulphide 
and  from  1  to  3  per  cent  of  inert  paraffines. 

Toluol.  C.P.  toluol  or  toluene  has  sp.gr.  .865  to  .876,  boiling-point 
110°  C.  It  should  be  colorless  and  have  the  characteristic  aromatic  odor. 
It  should  not  be  colored  by  shaking  with  one-half  its  volume  of  C.P. 
sulphuric  acid,  sp.gr.  1.84,  and  the  acid  layer  should  not  be  colored  deeper 
than  a  pale  straw  after  standing  for  a  half  hour.  In  other  respects  it 
should  answer  the  specifications  for  C.P.  benzol. 

The  following  refined  commercial  fractions  are  colorless  and  should 
not  be  colored  by  shaking  with  one-half  their  volume  of  C.P.  sulphuric 
acid,  nor  should  the  acid  layer  become  colored  deeper  than  a  straw  color 
in  one-half  an  hour  except  in  the  case  of  160°  and  200°  naphthas,  when 
the  acid  may  become  colored  deep  red. 
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Fractions. 

Specific  Gravity. 

Temperatures  Noted  in  Distillation. 

Flash-point. 

80°  C.-90°  C. 

100°  C. 

120°  C. 

100%  benzol 

0.870-0.880 

5-10%-90-95% 

dry 

below  0°  C. 

90%  benzol 

0.865-0.880 

0% 

90-92% 

dry 

below  0°  C. 

100°  C. 

120°  C. 

135°  C. 

50%  benzol.  .  .  . 

0.862-0.876 

50-52% 

90-92% 

dry 

below  0°  C. 

Commercial  toluol 

0.865-0.875 

10-15% 

90-95% 

dry 

below  0°  C. 

Solvent    or    160° 

130°  C. 

160°  C. 

185°  C. 

naphtha 

0.860-0.870 

0-10% 

90-92% 

dry 

22to26°C. 

160°  C. 

200°  C. 

215°  C. 

200°  naphtha 

0.87^-0.882 

10-20% 

90-92% 

dry 

42  to  45°  C. 

r»f^i«t 


f^^mn*%,4  Cf  t»t^ 


The  last  two  are  not  so  well 
washed,  therefore  the  acid  be- 
comes more  deeply  colored. 

In  Germany  the  refined 
*'  benzols  "  are  now  known  as 
numbers  which  are  compared 
below  to  our  grades.  The 
distillation  of  the  German 
grades  are  also  shown. 

Creosote  or  Heavy  Oil. 
The  fraction  from  the  tar  still 
between  200  and  270**  C, 
and  sometimes  even  higher, 
contains  most  of  the  phenols, 
naphthalene,  anthracene,  and 
the  accompanying  oils.  An- 
thracene will  be  found  in  large 
quantities  only  when  the  dis- 
tillation of  the  tar  is  carried 
to  hard  pitch. 

If  it  is  desired  to  remove 
the  tar  acids  (phenols)  the 
oil  is  agitated  at  a  tempera- 
ture of  50  to  70°  C.  with 
sufficient  caustic  soda  solution 
sp.gr.  1.116,  to  combine  with 
them.  The  alkaline  liquor  is 
allowed  to  settle  and  is  drawn 
off,  after  which  the  oil  is  run 
into  shallow  tanks  or  pans, 
where   a    large   part    of    the 

naphthalene  separates  out  a.s  a  mass  of  crystals  when  the  oil  cools.  It 
is  possible  to  treat  the  oil  with  successive  portions  of  the  caustic  soda 
solution  so  as  to  obtain,  first  an  alkaline  solution  in  which  sodium  pheno- 


FiG.  261. — Benzol  Agitator. 
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late  preponderates;  second  an  equally  pure  sodium  cresylate;  and  third 
an  unsaturated  solution  of  caastic  soda  and  sodium  cresylate  which  is 
used  as  the  first  portion  on  the  succeeding  charge. 

The  portion  containing  principally  sodium  phenolate  is  boiled  by 
direct  steam,  and  air  is  passed  through  the  boiling  liquid  to  remove 
naphthalene,  hydrocarbon  oils,  and  pyridine  bases.  In  some  works  the 
distillate  from  the  boiling  carbolate  is  collected  and  worked  for  pyridine 
and  naphtha,  in  wliich  case  the  boiling  is  done  by  fire-heated  still  instead 
of  by  direct  steam.  The  distillate  is  collected  until  the  purification  is 
nearly  complete,  when  the  manhole  is  opened  and  direct  steam  and  air 
blown  through  the  liquor.  After  this  treatment  the  carbolate  of  soda 
should  be  solu})le  in  water  without  turbidity.  The  purified  phenolate 
solution  is  allowed  to  become  cold  and  is  saturated  with  carbonic  acid 
gas,  usually  obtained  from  the  flue  gases  from  the  steam  boilers.  Finally, 
after  the  carbonate  of  soda  solution  formed  has  been  drawn  off,  the  decom- 
position is  completed,  in  a  lead-lined  tank,  by  a  little  dilute  sulphuric 
acid,  which  also  aids  the  separation  of  the  phenol  from  the  aqueous  solu- 
tion. The  sodium  sulphate  solution  is  carefully  and  completely  drawn 
off.  The  crude  phenol  thus  obtained  contains  from  20  to  25  per  cent 
water  and  tar.  These  are  removed  by  distillation  in  a  still  similar  to 
a  tar  still,  although  much  smaller.  The  dry,  crude  phenol  is  fractioned 
in  colunm  stills  heated  by  direct  fire  or  superheated  steam,  but  otherwise 
the  stills  are  similar  to  those  used  for  benzols.  These  yield,  first,  a 
crystallizable  phenol,  second,  a  fraction  not  sufficiently  rich  in  phenol 
to  crystallize,  and  a  third  fraction  containing  principally  cresols.  The 
fractioning  of  the  crude  phenols  is  conducted  at  reduced  pressure  at  some 
works.  By  this  process,  owing  to  the  low  temperature  of  the  distil- 
lation, a  larger  yield  of  phenol  is  obtained. 

The  crj^stallizable  fraction  is  further  purified  by  repeated  crystallization 
with  the  aid  of  refrigeration  and  with  the  addition  in  the  last  crystal- 
lization of  water  to  dilute  the  cresols  present.  Finally,  these  purified 
crystals  are  redistilled,  condensed  in  block-tin  worms  and  collected  in 
tin  receivers  so  arranged  that  they  can  be  heated  to  melt  the  phenol 
in  order  that  it  may  run  in  a  liquid  state  into  containers. 

A  properly  purified  phenol  ^vill  remain  white  for  more  than  a  year, 
showing  no  trace  of  the  red  color  commonly  seen  in  crystal  carbolic 
acid. 

The  second  portion  of  the  alkaline  liquor  from  the  treatment  of  the 
dead  oil,  containing  largely  cresylate  of  soda,  is  saturated  with  carbonic 
and  sulphuric  acids  in  the  same  manner  as  is  the  portion  rich  in  phenol. 
It  is  not  customary  to  boil  the  cresylate  of  soda  to  remove  the  oils  and 
pyridine  bases  unless  it  is  desired  to  make  pure  cresol.  The  crude  cresol 
is  freed  from  tar  and  water  by  distillation  and  is  then  marketable  as 
95  to  100  per  cent  cresylic  acid. 

Phenol,  car])olic  acid,  hydroxy-benzene,  CoHnOH,  when  pure,  is  a 
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white,  crystalline  mass,  with  sp.gr.  1.084  at  0^  C,  melting  at  42°  C, 
boiling  at  182°  (\,  having  a  characteristic  odor  and  when  very  dilut<? 
a  sweetish  ta.ste. 

It  is  soluble  in  all  proportions  in  alcohol,  ether,  chloroform,  glacial 
acetic  acid,  and  glycerine.  It. liquefies  on  the  addition  of  14  to  15  per 
cent  of  water,  and  thus  becomes  the  No.  4  carbolic  acid  of  conmierce. 
It  dissolves  in  about  20  parts  of  water  at  25°  C.  It  is  a  corrosive  antl 
irritant  poison.  Undiluted  alcohol  is  one  of  the  best  washes  for  phenol 
burns.  Carbohc  acid  is  largely  used  in  medicine  and  surgery  a.s  an 
antiseptic  and  disinfectant  and  in  the  arts  in  the  manufacture  of  dyes. 
It  is  employed  in  the  manufacture  of  picric  acid,  trinitrophenol,  which 
finds  a  large  use  in  the  manufacture  of  high  explosives,  and  is  also  used  as 
a  yellow  dye. 

Cresol,  cresylic  acid,  hydroxytoluene,  C6H4CH3OH,  is  a  mixture  of 
three  isomers,  has  a  sp.gr.  of  1.032  to  1.038  at  25°  (?.,  and  distills 
between  190°  and  205°  C.  It  is  used  as  an  antiseptic  and  disinfectant 
and  is  much  less  corrosive  than  phenol  and  is  a  more  efficient  antiseptic.^ 

The  three  isomers  composing  cresol  have  the  following  properties: 

Orthocresol,  orthocresylic  acid,  ortho-oxy-toluene,  orthomethylphenol, 
CgH20H(CH3),  with  the  CH3  and  OH  groups  in  the  (1-2)  position,  is  a 
white  crystalline  substance  melting  at  28  to  30°  C,  into  a  colorless 
liquid  and  boiling  at  187  to  189°  C.  It  is  soluble  in  thirty  parts  of  water, 
in  alcohol,  ether,  chloroform,  and  the  caustic  alkalies. 

Metacresol,  metacresylic  acid,  meta-oxy-toluene,  metamethylphenol, 
has  the  CH3  and  OH  groups  in  the  (1-3)  position,  and  is  a  colorless 
liquid,  sp.gr.  1.0498  to  1.05  at  0°  C.  It  boils  at  202°  C,  is  soluble  in 
alcohol,  ether,  chloroform,  the  caustic  alkalies,  and  slightly  in  water. 

Paracresol,  paracresylic  acid,  para-oxy-toluene,  paramethylphenol,  with 
the  CH3  and  OH  groups  placed  in  the  (1-4)  position,  is  a  white  crystal- 
line mass,  melting  at  36°  C,  and  boiling  at  198°  C.  It  is  soluble  in 
alcohol,  ether,  chloroform,  caustic  alkalies,  and  slightly  in  water. 

Xylenol,  di-methj'^I-phenol,  hydroxy-xylene.  The  six  possible  isomers 
are  probably  present  in  the  fraction  of  crude  cresylic  acid  boiling 
between  210°  and  230°  C.  and  which  has  a  sp.gr.  between  1.02  and  1.03 
at  15°  C.  They  are  on  the  whole  considerably  more  soluble  in  water 
and  less  corrosive  than  the  cresols.  They  are  principally  used  in  dis- 
infectants of  the  *'creolin"  type  on  account  of  their  high  phenol  coef- 
ficient which  is  between  ten  and  twelve.  They  are  not  generally  sep- 
arated from  the  cresylic  acid  except  when  pure  cresols  are  made. 

Naphthalene.  The  heavy  oil  fraction,  if  the  removal  of  the  naphtha- 
lene is  desired,  is  run  into  shallow  tanks  or  pans,  either  from  the  still  or 
after  the  tar  acids  have  been  extracted,  and  allowed  to  become  cold, 

*  Dr.  A.  P.  Hitchins  has  informed  me  in  a  private  communication  that  the  toxicity 
of  phenol  and  cresols  are  directly  proportional  to  their  germicidal  value  and  that  cresylic 
acid  is  about  tliree  times  as  efficient  a  bactericide  as  phenol. 
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when  the  larger  part  of  the  naphthalene  crystallizes.  The  oil  is  draT^Ti 
oflF  and  the  crystals  are  either  shoveled  into  piles  to  drain  or  are  passed 
through  a  centrifugal  which  leaves  the  crj^stals  nearly  dry  and  in  con- 
dition for  market  as  '*  drained  creosote  salts  "  or  crude  naphthalene. 

Refining  naphthalene  consists  in  freeing  it  from  adhering  heavy  oil 
and  from  unsaturated,  easily  oxidized  compounds.  The  crude  material 
should  be  in  a  coarse  crystalline  condition  to  allow  of  the  proper  extrac- 
tion of  the  oil.  If  it  is  in  a  slimy  state  it  should  be  recrystallized. 
The  crystals  are  either  washed  with  hot  water  in  centrifugals,  which 
removes  the  larger  part  of  the  adhering  oil,  or  they  are  hot  pressetl  in 
hydraulic  presses.  The  latter  process  is  more  expensive  and  less  efficient 
than  the  former.  After  this  operation  the  naphthalene  should  have  a 
melting-point  of  not  less  than  76°  C,  and  will  still  contain  from  4  to 
6  per  cent  of  oils.  The  partly  purified  naphthalene  is  jiow  distilled, 
to  remove  the  tarry  bodies  that  have  been  carried  forward  from  the 
original  tar.  ,  This  process  is  conducted  in  plain,  externally  fired  iron 
stills,  similar  to  tar  stills,  but  with  lead  worms.  The  distillate  is  kept 
in  a  melted  state  and  run  into  lead-lined  agitators  similar  to  those  used 
for  benzols,  and  washed  with  sulphuric  acid,  1.835,  sp.gr.  several  waters, 
and  finally  with  caustic  soda  solution,  of  about  1.116  sp.gr.  (Jreat 
care  must  be  taken  to  remove  as  much  as  possible  of  the  acid  before 
the  first  water  is  added,  so  as  to  prevent  the  tarry  pol>Tnerization  products 
from  V)eing  redissolved  by  the  naphthalene.  The  soda  solution  is  drawn 
off  completely,  as  small  amounts  of  soda  will  cause  the  bottom  of  the 
still  to  be  rapidly  burned  out.  It  is  necessary  to  reject  the  first  portion 
*'  heads,"  and  the  last  portion,  **  tails,"  of  the  distillate  from  the  final 
distillation  of  refined  naphthalene,  as  the  "  heads  "  are  discolored  by  the 
washings  of  the  worm  and  with      i.  uuuuuuuuuuuuuuuu 
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water  containing  dissolved 
bases,  metallic  salts,  etc.,  while 
the  oils  are  concentrated  in  the 
''tails."  The  sum  of  the  re- 
jected portions  should  not  ex-      [1^  u  u  ^u,  u'f^  U  u  ^u^  U  u  ^U^  u  u  p^ 

ceed  i  to  1  per  cent  of  the  dis-        „      ^^^     x-    ,^  »   .       .,  , ,-    .     r.. 

^.,,       *  IMG.  262. — Jsaphthalene  Subliming  Plant. 

tiUate. 

The  water-white  refined  naphthalene  is  run  into  shallow  pans  to  cool, 
when  it  can  be  broken  up  and  sold  as  lump,  or  is  run  into  copper  tanks 
heated  by  steam,  from  which  it  is  available  for  casting  into  balls,  etc., 
or  for  use  in  the  subliming  pans.  Subliming  pans,  Fig.  262,  are  large 
shallow  iron  tanks  heated  by  steam  and  connected  by  an  iron  hood  with 
a  smoothly  sheathed  room  in  which  the  sublimed  vapors  condense  in  this 
transparent  plates,  '*  flake  naphthalene."  About  150**  C.  seems  to  be  the 
most  satisfactory  temperature  in  the  subliming  pans.  A  higher  temperature 
can  be  economically  employed  in  winter  and  a  somewhat  lower  one  in 
summer.  Naphthalene,  CioHg,  is  a  solid  hydrocarbon  at  ordinary  tem- 
peratures, melting  at  79-80°  C,  and  boiling  at  218°  C.    Its  specific  gravity 
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in  the  solid  state  is  1.151  at  15°  C.  and  in  the  liquid  state  it  is  0.9778  at 
80°  C.  It  volatilizes  at  ordinary  temperatures  and  very  readily  on  the 
steam  bath.  It  crystallizes  in  transparent  rhombic  plates,  which  are 
slightly  soluble  in  hot  water  but  insoluble  in  cold  water.  It  is  very  sol- 
uble in  chloroform,  benzene,  ether,  alcohol,  methyl  alcohol  and  paraffine. 

The  purity  of  refined  naphthalene  is  indicated  by  the  faint  purple 
or  pink  tint  when  a  lump  is  dissolved  in  hot  concentrated  sulphuric 
acid.  If  the  acid  i.s  turned  a  deep  red  the  sample  is  likely  to  become 
discolored  on  standing.  Naphthalene  is  used  as  the  starting-point  of 
several  classes  of  colors,  including  nearly  all  of  the  azo-colors  and  for 
artificial  indigo,  in  candles,  celluloid,  as  a  substitute  for  camphor  to 
prevent  moths  in  woolens,  and  to  some  small  extent  as  a  gas  enricher 
in  lights  of  the  albo-carbon  tj-pe.  It  readily  nitrates  directly  to  mono- 
nitro  naphthalene,  which  crystallizes  in  yellow  needles,  with  sp.gr. 
1.331  at  4°  C,  melting  at  56°  C,  and  boiling  at  304°  C.  It  is  easily 
soluble  in  alcohol  and  petroleum  oils.  Its  principal  uses  are  the  manu- 
facture of  certain  smokeless  powders  and  to  remove  the  fluorescence  from 
petroleum  oils,  for  which  latter  purpose  from  2  to  3  per  cent  is  used. 

Anthracene.  This  oil  is  the  portion  of  the  distillate  from  coal  tar 
which  vaporizes  above  270°  C.  At  this  temperature  a  cut  should  be  made 
if  the  distillation  is  carried  to  hard  pitch.  This  oil  boils  between  250 
and  400°  C,  and  has  a  specific  gravity  of  nearly  1.1.  Its  color  is 
j'ellowish-green  when  first  made,  but  it  darkens  to  almost  black.  It 
contains  besides  anthracene,  naphthalene,  methylnaphthalene,  pyrene, 
acridene,  phenanthracene,  fluorene,  etc.,  all  of  which  are  soHds,  except 
methylnaphthalene,  and  a  mixture  of  oils  of  which  we  know  very  little. 

The  anthracene  fraction  is  run  into  shallow  tanks  and  the  solid 
compounds  separate  out  on  cooling.  This  process  requires  from  one 
to  two  weeks. 

Refrigeration  has  been  tried  to  shorten  the  time,  but  it  makes  the 
oils  more  viscid  and  the  separated  crude  anthracene  much  more  impure. 
The  semi-solid  mass  is  transferred  to  bag  filters  or  to  a  filter  press  and 
as  much  as  possible  of  the  oil  driven  out  by  compressed  air.  The  nearly 
dry  cakes  from  the  bags  or  filter  press,  containing  about  10  to  15  per 
cent  anthracene,  are  subjected  to  a  pressure  of  from  50,000  to  70,000 
lbs.  in  hydraulic  presses  so  arranged  that  they  may  be  kept  hot  by  steam 
coils  or  steam-heated  plates.  This  treatment  brings  the  anthracene  content 
to  from  25  to  35  per  cent.  These  press-cakes  are  ground  and  purified  by 
washing  in  a  closed  agitator  with  hot  solvent  naphtha  from  the  light  oil. 

Lower  boiling  benzols  have  been  used  for  this  purpose,  but  they  dissolve 
the  anthracene  itself.  The  whole  charge,  when  thoroughly  mixed,  which 
may  require  several  hours,  is  run  into  a  closed  filter  and  the  solvent  re- 
moved by  compressed  air.  Pyridine  bases  are  said  to  be  a  better  solvent  for 
the  anthracene  impurities  than  solvent  naphtha  and  is  said  to  yield  80  per 
cent  anthracene,  while  70  to  75  per  cent  is  the  limit  with  solvent  naphtha. 
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A  somewhat  more  pure  anthracene  is  produced  by  the  sublimation 
of  the  washed  material.  The  subliming  pans  are  similar  to  those  used 
for  naphthalene  except  that  they  are  heated  by  fire  and  have  jets  of 
superheated  steam  impinging  upon  the  surface  of  the  melted  anthracene. 
The  vapors  are  condensed  by  water  jets  The  oil  from  the  first  crystal- 
lization of  the  crude  anthracene  is  distilled  in  a  clean  still  till  crystals 
appear  upon  cooling  the  distillate,  when  the  residue  containing  the 
anthracene  is  run  into  pans  and  treated  the  same  as  the  original 
fraction. 

When  the  oil  will  vield  no  more  anthracene  it  is  used  to  soften, 
'*  cut  back,''  pitch  as  **  Carbolineum  Avenarius,"  for  the  treatment  of 
timber,  and  mixed  with  the  creosote  oil. 

Anthracene,  C14H10,  was  discovered  by  Dumas  and  Laurent  in  1832 
and  recognized  as  a  characteristic  constituent  of  coal  tar  by  Fritzsche 
in  1867.  It  boils  at  363**  C,  melts  at  213°  C,  and  has  a  specific  gravity 
of  1.147  at  15°  C.  It  crystallizes,  when  pure,  in  white  or  3^ellow  rhombic 
plates  with  a  blue  fluorescence.  It  is  soluble  in  benzene,  ether,  chloroform, 
carbon  bisulphide,  and  in  hot  alcohol,  but  only  sparingly  soluble  in  cold 
alcohol. 

It  is  slowly  converted  by  sunlight  into  paranthracene.  It  is  of  great 
importance  commercially  as  the  starting-point  for  the  synthetical  alizarines. 

Valuation  of  Tar  and  Tar  Products.  Sampling  is  of  the  utmost 
importance  with  the  tars  and  the  crude  oils.  They  frequently  contain 
two  or  more  substances  that  have  mDre  or  less  tendency  to  separate  on 
standing,  such  as  water  and  ammoniacal  liquor,  and  which  are  difficult  to 
reincorporate  evenly.  Where  possible  drip  samples  should  be  taken  as  the 
materials  are  being  pumped. 

Small  drip  openings  are  so  prone  to  become  clogged  with  particles 
of  dirt  or  fine  crystals  that  it  is  always  well  to  make  the  original  drip 
sample  as  large  as  possible.  A  tank  of  100  gallons^  capacity  can  easily 
l^e  arranged  to  catch  the  drip.  This  can  be  thoroughly  mixed  and 
reduced  samples  accurately  drawn  by  a  large  pipette  called  a  "  thief.'' 
The  drip  sampling  should  begin  as  soon  as  the  pump  is 
working   freely   and    should   continue  without  diminution         r-^X^ 

to  the  end.     With  oils  that  have  solidified  care  should  be         I U 

observed  that  they  are  completely  remelted  and  well  mixed 

before  drawing  a  sample.     Where  it  is  impossible  to  take 

a  drip   sample  a    ^^  thief    may  be  used.     A  satisfactory 

* 'thief  for  small  tanks  or  tank  cars  can  be  made  from  a 

one-inch  iron  pipe  with  a  round  water-way  cock,  operated 

by  chains,   at  the  lower  end.     In  large  tanks  and  when  a 

proper   "  thief ''   is  not   available,    a   bottle    will  serve  to        ,^/* 

obtain    a    fairly  good  sample.     The    bottle    is   weighted,        pjQ  263. 

corked,    sunk    to    the    bottom    of    the    tank,    when    the 

cork  is  pulled  by  a  string  previously  attached    and   the   bottle  evenly 


u 
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and  rapidly  drawn  from  the  tank.  If  the  bottle  is  not  completely  full 
the  sample  is  considered  a  representative  one.  The  final  samples  of  tar, 
light  oil,  and  heavy  oil  should  be  not  less  than  one  gallon,  while  a 
pint  usually  suffices  for  naphthas,  benzols,  etc. 

The  Examination  of  Tar.  While,  a.s  suggested  by  Allen,  Lunge, 
and  others,  more  definite  information  can  be  obtained  the  larger  the 
scale  of  operation,  yet  it  has  become  quit«  established  to  work  with  a 
gallon  sample.  The  tar  sample  should  be  poured  into  a  dish  or  bucket 
and  mixed  by  vigorous  stirring,  to  redistribute  evenly  through  the  sample 
any  water  that  ma}-  have  separated. 

The  complete  examination  of  tar  consists  of  the  following: 
Determination  of  the  water  by  distillation; 
Distillation  of  the  tar; 
Specific  gravity  of  the  dry  tar; 
Free  carbon  of  dry  tar. 

Examination  of  the  light  oil,  heavy  oil,  and  pitch. 
The  still  now  largely  used  in  this  country  for  tar  distillations  and 
water  determinations.  Fig.  264,  in  tar  was  described  by  H.  W.  Jayne 
(J.  A.  C.  S.,  XXV.,  p.  81). 

It  is  made  of  copper  3j  ins.  in  diameter,  with  straight  sides  6  ins. 
high,  a  heavy  turned  brass  ring  at  the  top,  a  brass  lid,  held  in  place  by 

a  single  clamp  over  the  top. 
The  lid  has  two  holes,  one  for 
a  J-in.  pipe  plug  and  the  other 
fitted  with  a  short  piece  of 
J-in.  brass  pipe  tapered  on 
the  inside  to  fit  the  cork  which 
carries  the  distilling  tube  or 
adapter.  This  still  can  be 
easily  cleaned,  which  is  an 
important  provision  in  a  tar 
still.  A  paper  gasket  was  used, 
but  the  small  valve  packings 
similar  to  vulcabeston  are 
equally  satisfactory  and  may 
be  used  repeatedly.  The  condenser  consists  of  a  copper  trough  through 
which  passes  a  glass  tube  about  ^  in.  internal  diameter  and  24  ins. 
long.  This  form  of  condenser  is  ordinarily  used  without  running  water. 
It  allows  of  heating  the  water  when  the  naphthalene  fraction  begins 
to  solidify  in  the  tube  and  drawing  it  off  altogether  when  the  still 
higher  fractions  would  be  liable  to  crack  the  glass.  It  is  very  efficient 
for  volatile  liquids,  as  the  tube  can  be  easily  packed  with  ice  or  with  a 
freezing  mixture.  The  cut  shows  the  still  and  condenser  mounted  for  use 
A  larger  still  ^  ins.  in  diameter  and  8  ins.  high  of  the  same  design 
should  be  used  if  1000  c.c.  of  tar  are  distilled  or  dried. 
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The  Estimation  of  Water.  Of  the  well-mixed  sample  200  to  600  c.c. 
is  diluted  with  about  100  c.c.  of  high-boiling  water-free  oil.  To  pre- 
vent boiling  over,  crude  solvent  or  heavy  naphtha  is  usually  distilled 
in  the  smaller  still  above  described.  The  heat  is  at  first  applied  by  a 
ring  burner  designed  to  throw  the  flame  toward  the  still  and  adjusted 
so  that  the  flame  strikes  the  still  at  or  above  the  level  of  the  tar.  When 
the  tempcTature  has  reached  about  150°  C,  an  ordinary  Bunsen  biu-ner 
is  lighted  under  the  bottom  of  the  still.  The  distillation  Is  carried  to 
from  200  to  205°  C'.,  to  be  sure  that  none  of  the  water  is  held  back  by 
the  tar  or  by  the  apparatus.  The  distillate  is  collected  in  a  graduated 
cylinder  and  is  usually  n^ported  as  per  cent  by  volume,  but  if  desired 
may  be  converted  into  per  cent  by  weight.  The  thiiming  with  dr>'  oil 
may  be  omitted  in  many  cases  and  the  specific  gravity  and  free  carbon 
can  be  detennined  on  the  dry  tar  thus  obtained  after  carefully  reincor- 
porating the  oil  carried  over  by  the  water. 

Specific  Gravity.  It  is  obviously  quite  troublesome,  if  not  impossible, 
to  thoroughly  clean  the  ordinary  specific  gravity 
l)ottle  of  tar,  and  there  is  more  tendency  for  small 
air  bubbles  to  cling  to  the  sides  than  in  a  bottle  with 
vertical  sides.  For  the  determination  of  the  specific 
gravity  of  tars  Lunge  ha.s  suggested  a  tall  weighing 
lx)ttle  alx)ut  1  in.  in  diameter  and  3  ins.  high,  with 
a  gla.s8  stopper  having  a  small  vent  **  v  "  ground  in  p,^  26.5. 

the  joint. 

The  process  is  the  same  as  for  the  specific  gravity  of  solids.  First 
fill  the  tared  Iwttle  nearly  full  of  tar,  then  the  balance  with  water,  and 
finally  completely  with  water.  The  weighed  bottle  (a)  is  two-thirds 
filled  with  tar  and  set  in  hot  water  or  on  a  steam  bath  till  the  air 
bubbles  have  all  disappeared.  It  is  then  cooled  to  15°  C.  and  weighed  (6). 
AVater  is  added  to  fill  the  lx)ttle,  the  stopper  forcing  out  the  surplus 
through  the  vent;  it  is  carefully  dried  and  the  weight  taken  (c).  The 
bottle  is  now  filled  with  water  at  15°  C  and  weighed  again  (rf). 

b  —  a 

d+b—ia+c) 

The  water  and  specific  gravity  of  the  dry  tar  are  usually  a  satis- 
factory index  ot  the  quality  of  the  tar.  Kohler  (Z.  angew.  Chem.,  1888, 
p.  677)  has  shown  that  the  specific  gravity  of  dr>'  tar  reflects  the  per 
cent  of  free  carbon.  This  complex  mixture  of  organic  compounds  con- 
taining, according  to  Donath  and  Asriel,  (Chem.  Centr.,  1903,  I.,  p.  1099), 
carbon  89.2  per  cent,  hydrogen  2.3  per  cent,  nitrogen  0.7  per  cent, 
oxygen  7.13  per  cent,  ash  0.67  per  cent,  is  quite  similar  to  anthracite 
coal  except  for  the  ash  and  moisture.  It  is  usual  to  ascribe  a  i)art  of 
this  to  coal  dust  carried  over  from  the  retorts,  but  the  low  ash  would 
seem  to  preclude  more  than  8  per  cent  of  coal  dust  in  it. 
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Free  Carbon.  Froo  carbon  is,  however,  one  of  the  most  important 
factory  in  determining  the  value  of  a  tar  for  its  more  important  uses. 
Many  schemes  have  been  proposed  for  its  isolation,  based  upon  different 
solvents,  carbon  bisulphide,  aniline,  glacial  acetic  acid,  and  members  of  the 
benzene  series. 

Its  detennination  is  always  mad(^  on  the  dry  tar,  and  the  }3enzenes 
are  the  solvents  mostly  used  in  America.  The  determination  is  carried 
out  as  follows : 

One  to  five  grams  of  tar  are  weighcnl  in  a  small  beaker,  hot  toluene 
adde<l  well  mixed  and  allowed  to  settle.  Two  tared  kS.  &  S.  fat  extrac- 
tion thimbles,  the  inner  one  22X80  nun.  and  the  outer  one  large  enough 
for  a  loase  fit,  are  suspended  over  a  beaker  or  an  Erlenmeyer  fiask, 
saturated  with  hot  toluene,  and  the  supernatant  toluene  decant<»d  from 
the  tar  through  the  thimbles.  The  tar  is  washed  by  decantation  several 
times  with  hot  toluene,  then  three  times  with  hot  C.P.  benzene,  finallj' 
the  residue  is  washed  into  the  inner  thimble.  The  thimbles  are  trans- 
ferred to  a  Soxhlet  extractor  and  extracted  with  benzene.  If  the  ben- 
zene becomes  too  contaminated  with  tarry  extract  it  is  discarded  and  a 
fresh  portion  used  to  continue  the  process.  When  the  benzene  no 
longer  becomes  colored  the  extraction  is  complete,  the  thimbles  are  dried 
in  u  steam  bath  and  finally  at  110°  ('.,  and  weighed. 

Volatile  Portions.  The  study  of  the  distillation  products  of  tar  is 
made  by  distilling  1000  c.c.  of  the  well-mixed  sample  in  a  copper  still 
similar  in  design  to  those  used  for  the  water  determination,  but  with  a 
capacity  of  2000  c.c.  This  distillation  is  carried  bj'  careful  heating  wdth  a 
ring  burner  to  2C0°  C.  The  distillate  is  received  in  a  graduated  separator^"^ 
funnel  and  the  perc(>ntag(*  of  wat(T  is  noted.  The  oil  is  separated  and 
returned  to  the  still  as  soon  as  the  contents  has  become  cooled  to  room 
temperatun\ 

The  distillation  is  start(»d  anew  and  carrit^l  to  205°  C,  when  the 
receiver  is  changed.  The  distillation  is  continued  till  the  residue  has 
a  melting-point  of  60°  C.  This  is  a  somewhat  troublesome  operation, 
but  it  is  greatly  facilitated  by  collecting  the  distillate  from  each  10°  C 
incr(^ase  in  tf^mperature  in  separate  receivers,  usually  small  graduated 
cylinders.  Thus  to  cut  the  residue  back  to  60°  C\,  if  a  too  high  melting- 
point  is  obtained,  successive  fractions  may  be  poured  back.  When  the 
correct  melting-point,  60°  C,  is  reached,  the  temperature  is  noted  and 
the  pitch  is  poured  into  a  shallow  pan. 

The  light  oil  fraction  is  mixed  and  its  specific  gravity  taken  at  15.5°  or 
3°  ( '.  above  the  limpid  point.  A  correction  of  .0008  is  added  to  the  specific 
gravity  for  each  degree  above  15.5°  C.  The  tar  acids,  the  phenols,  are 
extract(Hl  from  the  whole  fraction  if  less  than  100  c.c.  by  shaking  with 
on(^-half  its  volume  of  10  p(T  cent  caustic  soda  solution  in  a  graduated 
separatory  funnel.  After  carefully  separating  the*  soda  solution  the  loss 
is  noted.     The  treatment   with   caustic   soda   is   reix^ated  till  the  loss 
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becomes  constant.  This  loss  equals  the  tar  acids  and  is  usually  reported 
as  per  cent  by  volume.  The  carbolic  acid  in  the  soda  solution  can  be 
set  free  by  dilute  sulphuric  acid  and  the  volume  noted,  as  a  check,  20 
per  cent  l^eing  deducted  for  included  water. 

The  oil  free  from  tar  acids  is  fractioned  bj'  a  Le  Bel-Henninger  tube 
to  170°  C,  170  to  200°  C,  and  a  residue.  The  fraction  to  170°  C.  is 
considered  crude  benzols,  including  benzene,  toluene,  xylene,  and  solvent 
naphtha.  The  second  fraction,  170-200°  C,  is  heavy  naphtha  and  the 
residue  is  heavy  oil.  The  residue  Is  cooled  to  0°  C.  for  15  minutes  and 
drained  on  a  tared  filter  paper,  by  suction,  pressed,  and  weighed.  This 
is  the  naphthalene  often  six)ken  of  as  pressed  naphthalene.  The  specific 
gravity  and  distillation  of  each  fraction,  as  well  as  of  the  residue, 
should  be  recorded.  As  these  fractions  are  often  quite  small,  a  1-c.c. 
Sprengel  specific  gravity  tube,  modified  as  shown  in  Fig.  265,  with  a  and 
c  of  capillary  tubing,  which  require  no  caps,  even  when  the  specific 
gravities  of  oils  as  volatile  as  benzene  are  taken,  has  l>een  found  accurate 
and  rapid. 

The  fraction  from  200°  C.  to  soft  pitch  from  the  original  tar  is  the 
creosote  oil,  the  specific  gravity  of  which  is  taken  at  15.5°  C,  or  if 
not  limpid  at  that  temperature,  3°  above  the  limpid  point,  using  the 
same  correction  factor  as  for  the  sp>ecific  gravity  of  light  oil.  A  portion 
of  100  c.c.  is  distilled  in  a  200-c.c.  distilling  flask,  noting  the  distillate 
at  each  even  10°  C,  also  at  205  and  315°  C.  Of  this,  90  per  cent 
should  be  distilled  off  and  the  tar  acids  determined  as  described  for  the 
light  oil  fraction,  the  whole  90  c.c.  being  extracted.  The  extracted  oil 
is  cooled  to  0°  C.  for  fift(*en  minutes  and  the  naphthalene  drained, 
pressed,  and  weighed  as  explained  above.  The  per  cent  of  naphthalene 
is  calculated  to  the  weight  of  the  original  100  c.c.  of  heav>'  oil. 

The  Creosoter's  test,  handed  <lown  from  English  practice,  having  been 
specified  by  Sir  Fredk.  Abel  in  the  early  eighties,  with  the  latest  modi- 
fications is  as  follows:  Of  the  melted  oil,  100  gms.  is  weighed  into  a  tared 
tubulated,  8-oz.  retort.  A  nitrogen-filled  thermometer  graduated  in  de- 
grees to  350°  C.  is  fixed  in  the  tubulature  with  the  bottom  of  the  bulb 
one-half  an  inch  above  the  surface  of  the  oil.  The  retort  is  set  on  two 
thicknesses  of  a  20-mesh  wire  gauze  at  least  6  ins.  square  and  the  whole 
bulb  and  at  least  2  ins.  of  the  neck  covered  with  a  shield  of  |-in.  thick 
asbestos  board  to  prevent  radiation  of  the  heat.  The  horizontal  distance 
from  the  bulb  of  the  thermometer  to  the  end  of  the  condenser  tube  must 
not  be  less  than  21  ins.,  nor  more  than  24  ins.  The  fractions  are  collected 
in  tared  bottles  or  cylinders  and  weighed.  The  per  cent  by  weight  of 
the  following  fractions  an*  reported : 

Up  to  170°  C,  water  and  light  oils; 
170  to  200°  C,  ^  ,.  I  ^    .,         ,    ,        1 
200  to  205°  C.,;^^^^'^^'^^'^''^^^^^^^^"''^^ 
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205  to  210°  C,  ]         ,^.    ,  .^,    ,  .,         ,     .        , 

01  n  +    ortro  f^    f  naphthalone,  naphthaicno  oil,  and  phenols; 

235  to  270°  C,  naphthalene  and  anthracene  oil; 
270  to  315°  C,  anthracene  and  anthracene  oil; 
315°  C,  up,       residue  in  the  retort. 

For  all  practical  purposes  it  is  sufficient  to  report  the  fractions  as 
follows : 

Below  200°  C,  water,  light  oil,  and  some  phenols; 

200  to  210°  C,  light  oil  and  phenols  with  sonic  naphthalene; 

210  to  235°  C,  naphthalene,  naphthalene  oil,  and  phenols; 

235  to  315°  C,  anthracene,  anthracene  oil,  and  some  naphthalene; 

Above  315°  ('.,  residue. 

The  distillation  should  be  conducted  so  that  it  is  completed  in  from 
thirty-five  to  forty-five  minutes  and  the  fraction  210  to  235°  C.  is  col- 
lected in  from  ten  to  twelve  minutes.  The  distillation  should  be  made 
on  the  dry  oil  if  more  than  allowed  amount  of  water  is  present,  which 
varies  from  2  to  5  per  cent  in  different  specifications.  If  it  is  necessary 
to  dry  the  oil  it  is  done  by  heating  to  205°  C.  in  a  retort  with  a  con- 
denser attached.  The  oil  in  the  distillate  is  separated  from  the  water 
and  again  mixed  with  that  in  the  retort. 

The  specific  gravity  is  determined  with  a  hydrometer  at  a  few  degrees 
above  the  limpid  point  and  the  factor  .0008  used  to  correct  to  15.5°  C 

The  U.  S.  Forestry  Service  prescribes  that  the  distillation  should  be 
made  in  a  special  Hempel  distilling  fiask.  250  gins,  of  the  oil  are 
weighed  into  the  tared  flask;  a  loose  plug  of  coarse  platinum  wire 
in  the  constricted  portion  of  the  neck  supports  the  200  large  glass 
beads  which  partly  fill  the  column.  The  flask  is  supported  on  an  asbestos 
board  in  which  a  hole  with  a  notched  outline  is  cut  ahnost  as  large  as 
the  largest  diameter  of  the  bulb  of  the  flask.  The  portion  of  the  bulb 
above  the  a^sbestos  board  and  below  the  column  is  covered  by  an 
asbestos  board  box,  and  an  Erlenmeyer-Argand  burner  is  used  as  the 
source  of  heat. 

The  distillation  is  run  at  the  rate  of  one  drop  per  second  and  the 
following  fractions  collected: 

Up  to  170°  C,  245  to  255°  C, 

170  to  205°  C,  255  to  285°  C, 

205  to  225°  C,  285  to  295°  C, 

225  to  235°  C,  295  to  305°  C, 

235  to  245°  C,  305  to  320°  C. 

The  indices  of  refraction  of  the  different  fractions  between  235  and 
305°  C.  are  determined  at  60°  C.  in  a  refractometer  with  light  compensator. 


COAL  TAR  AND  ITS  DISTILLATION  PRODUCTS  4S9 

The  fraction  distilling  between  305  and  320°  C.  is  treated  with  four  or  five 
times  its  volume  of  concentrated  sulphuric  acid  and  placed  in  the  steam 
bath  for  at  least  one  hour  with  frequent  shaking.  It  is  then  transferred  to 
a  convenient  measuring  apparatus  graduated  in  tenths  of  a  cubic  centi- 
meter. The  flask  Ls  rinsed  twice  w^ith  concentrated  sulphuric  acid  and 
the  rinsings  added  to  the  main  portion.  After  standing  for  one  hour 
the  unsulphonated  oil,  if  any,  is  read  and  the  ratio  of  its  volume  in  cubic 
centimeters  to  the  weight  in  grams  of  the  original  oil  is  calculated.  The 
index  of  refraction  of  this  residue  should  be  low  (1.49  to  1.50)  and  it 
should  not  be  soluble  in  10  per  cent  caustic  soda  solution. 

The  Forest  Service  have  specifications  for  several  grades  of  creosote 
oil  based  on  the  above  analysis.  Grade  1  should  be  derived  from  the 
distillation  of  pure  coal  tar  and  free  from  any  adulteration  whatever 
or  any  undistilled  tar. 

For  water  in  excess  of  3  per  cent  deduction  vnll  be  made.  It  shall 
have  a  specific  gravity  at  60°  C.  of  not  less  than  1.04.  When  analyzed 
by  the  above  method  it  shall  have  the  following  fractions  calculated 
on  the  moisture-free  basis  when  more  than  3  per  cent  of  water  is  present. 

Up  to  205°  C,  not  more  than  5  per  cent.; 
Up  to  235°  C,  not  more  than  40  nor  less  than  5  per  cent; 
Up  to  250°  C,  not  more  than  50  nor  less  than  15  per  cent; 
Up  to  295°  C,  not  more  than  65  nor  less  than  30  per  cent; 
At  355°  C,  the  residue  must  be  soft  and  not  sticky. 

The  sulphonation  test  of  the  fraction  between  305  and  320°  C.  shall 
leave  no  oily  residue  insoluble  in  caustic  soda  solution. 

The  indices  of  refraction  at  60°  C,  shall  be  as  follows  for  the  following 
fractions: 

At  250°  C,  not  less  than  1.593,  nor  more  than  1.602; 
At  290°  C,  not  less  than  1.615,  nor  more  than  1.622; 
At  300°  C,  not  less  than  1.625,  nor  more  than  1.632. 

Grade  2  should  be  derived  from  the  distillation  of  coal  or  water  gas 
tar,  or  from  a  mixture  of  these  two.  It  must  not  contain  any  undistilled 
tar. 

If  it  contains  more  than  5  per  cent  of  water  a  reduction  in  price  will 
be  made  corresponding  to  the  excess.  The  specific  gravity  at  60°  C. 
shall  not  be  less  than  1.03.  When  analyzed  by  the  Forest  Service  method, 
it  shall  have  the  following  fractions  calculated  on  the  moisture-free 
basis: 

Up  to  205°  C,  not  more  than  20  per  cent, 
Up  to  235°  C.,  not  more  than  55,  nor  less  than  5  per  cent; 
Up  to  250°  C.,  not  more  than  65,  nor  less  than  15  per  cent; 
Up  to  295°  C,  not  more  than  80,  nor  less  than  30  per  cent. 
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The  indices  of  refraction  at  G0°  C.  shall  be  as  follows: 

At  250°  C,  not  less  than  1.59; 
At  290°  C,  not  less  than  1.602; 
At  300°  C,  not  less  than  1.61. 

The  volume  in  cubic  centimeters  of  the  sulphonation  residue  in  the 
fraction  305  to  320°  C.  shall  not  be  greater  than  one-tenth  of  the  weight 
in  grams  of  the  fraction. 

Heavy,  high-boiUng  oils  only  are  suitable  for  open-tank  method 
of  treatment,  and  are  also  better  preservatives.  It  wa.s  customary  to 
specify  from  8  to  10  per  cent  tar  acids,  but  this  is  not  a  part  of  the 
above  Forest  Service  specifications.  There  seems  to  be  no  doubt  that 
the  phenols  aid  in  the  preservation  of  wood  by  coagulating  the  albumen, 
but  they  do  not  remain  as  long  in  the  wood  as  the  higher  boiling  and 
solid  compounds,  such  as  naphthalene. 

Examination  of  Pitch.  Owing  to  its  complex  composition  and  the 
little  that  is  known  about  its  constituents,  the  tests  that  are  applied 
to  it  are  designed  to  show  the  relation  of  certain  physical  properties 
in  different  samples,  and  are  therefore  mostly  physical.  They  include 
specific  gravity,  evaporation,  melting-point,  softening-pomt,  breaking- 
point,  slide  test  and  free  carbon  determination. 

The  free  carbon  is  determined  in  the  same  manner  as  for  tar,  the  pitch 
being  made  into  strings  before  weighing  to  present  a  large  surface  to 
action  of  the  solvents. 

The  evaporation  is  determined  by  heating  in  an  air  bath  at  160** 
C.  for  seven  hours.  Ten  grams  are  weighed  into  a  metal  dish  similar 
to  those  used  in  milk  analysis  and  the  loss  in  weight  noted. 

The  breaking-point  is  found  by  fastening  several  small  pieces  of  pitch 
to  a  copper  plate  by  carefully  heating  it  so  that  the  pitch  melts  slightly 
and  adheres  firmly.  It  is  then  placed  in  tepid  water  and  allowed  to  remain 
five  minutes  to  acquire  the  temperature  of  the  water.  The  point  of  a 
small  knife  blade  is  slid  along  the  plate  till  it  touches  the  pitch,  then 
slowly  and  forcibly  raised,  edge  first,  through  it.  If  the  pitch  is  still 
soft  the  blade  will  be  shoved  through  without  scaling  off  any  of  the 
pitch. 

The  temperature  is  lowered  after  each  trial  by  the  addition  of  cold 
water;  after  standing  five  minutes  the  blade  is  forced  through  it  again. 

If  the  breaking-point  is  reached  the  pitch  Avill  scale  off  with  a  con- 
choidal  fracture. 

The  melting-  or  fusing-point  has  been  detennined  in  many  different 
ways,  most  of  which  do  not  agree  one  with  another.  The  melting-ix)int 
is  not  so  exact  a  test  ])y  any  method  that  2  or  3°  C.  will  make  any 
appreciable  difference  in  the  general  properties  of  a  pitcli  even  from 
the  same  source.  One  method  consists  in  heating  water  in  a  copper 
beaker  at  the  rate  of  5°  C.  per  minute  and  drawing  a  piece  of  pitch  along 
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the  upper  part  of  the  beaker.  When  the  pitch  makes  a  continuous 
smooth  streak  the  temperature  is  noted.  The  temperature  is  allowed 
to  rise  a  few  degrees  and  as  it  again  falls  the  pit<h  is  once  more  drawn 
across  the  l>eaker  and  the  point  noted  when  it  last  (jives  a  continuous 
streak.  The  two  points  should  occur  at  the  same  temperature,  which 
is  the  melting-point.  As  much  depends  upon  the  pressure  with  which 
the  pitch  is  held  against  the  beaker,  which  cannot  l)e  exactly  controlled, 
the  method  only  gives  approximate  results  and  cannot  \>e  made  to  check 
in  the  hands  of  different  operators. 

Buchanan  (J.  Soc.  Chem.  Ind.,  1894,  p.  1098),  Iwsats  in  a  dry  test- 
tube  a  thennometer  to  which  has  been  stuck  a  piece  of  the  pitch.  The 
pitch  softens  and  falls  off.  The  size  of  the  piece  will  influence  the  result, 
as  will  the  rapidity  of  rise  of  temperature, 

and  as  these  are  not  specified  it  is  quite  pos-  i 

.■iible  for  two  operators  to  get  widely  different 
results. 

Mabory  and  Sieplein  (J.  A.  C.  S.,  XXIII, 
p.  16),  devised  a  method  primarily  for 
asphalt,  but  equally  applicable  to  pitch.  A 
fiat  metal  strip  one-half  inch  wide  is  sus- 
pended in  a  tall  beaker  by  a  cork,  as  shown 
in  the  cut,  Fig.  267,  with  the  bottom  end 
turned  out  at  right  angles  to  form  a  support       Y\g.  26G.  I'lo.  -'■''. 

for  the  pitch  to  be  tested.     The  pitch  is  cut 

or  molded  into  pieces  IXiXi  in.,  and  lays  flat  on  the  support  so  that  1  in, 
projects  on  either  side.  The  support  is  adjusted  '■  in.  above  the  Iwttom 
of  the  beaker.  The  beaker  is  heated  in  a  glycerine  Ijath  and  the  tem- 
perature is  noted  when  the  pitch  .softens,  becomes  fluid  enough  to  fall 
down  and  just  touch  the  bottom  of  the  beaker. 

The  authors  state  that  there  is  at  the  most  only  2  or  3°  C.  variation, 
and  in  most  cases  there  are  no  variations  in  duplicates.  They  also  expedite 
matters  by  making  a  second  test  without  coolingtheglyerrine  bath,  which 
would  seem  to  tend  to  raise  the  melting-point,  as  only  half  the  time  elapses 
before  the  melting-point  is  reachetl.  The  authors  found  it  advi-iable  to 
lay  a  disk  of  metal  on  the  bottom  of  the  inner  beaker  to  facilitate  cleaning. 
The  support  for  the  pitch  being  adjusted  J  in.  al>ove  this  plate. 

It  is  quite  evident  that  any  method  must  exactly  fix  all  the  conditions 
as  melting-  and  softening-points  are  entirely  arbitrary  in  i>itch  anal\'sis. 

Several  methods  have  been  devised  which  depend  upon  weighting  the 
pitch  by  mercury,  but  the  variations  between  duplicates  is  wider  than  with 
the  more  simple  method  in  most  common  use,  which  is  tlpscril)ed  below. 

The  apparatus,  Fig.  266,  consists  of  a  mold  for  making  J-in.  cubes  of 
pitch,  a  beaker  of  about  600  c.c,  capacity,  supported  on  a  piece  of  asl»esti)S 
l>oard,  a  thermometer  graduated  in  degrees.  Several  wires  are  bent  as  shown 
in  the  cut  so  as  to  support  the  cube  of  pitch  being  tested,  which  is  exactly 
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1  in.  from  the  bottom  of  the  beaker,  and  a  Buiisen  burner  is  so  adjusted  that 
the  temperature  of  tlie  liquid  in  the  beaker  will  be  raised  5®  C.  each  minute. 

For  soft  and  medium  pitches  melting  below  90°  C,  distilled  water 
is  the  bath  in  which  the  cube  is  suspended,  but  for  higher  melting-points 
glycerine,  cotton-seed  oil,  or  calcium  chloride  solution  are  suitable 
liquids.  Several  cubes  are  supported  in  the  bath  so  that  the  under  sid^ 
of  each  is  exactly  1  in.  from  the  bottom  of  the  beaker.  A  cube  is  taken 
out  from  time  to  time  and  twisted  with  tongs;  when  one  can  be  readily 
twisted  completely  around  twice  without  breaking  the  softening-point 
is  reached.  The  melting-point  is  noted  when  the  cube  of  pitch  drops 
and  just  touches  the  bottom  of  the  beaker.  The  bulb  of  the  thermometer 
.should  be  so  placed  that  the  bottom  of  it  Ls  at  the  same  height  as  the 
bottom  of  the  cube.  In  the  case  of  low  melting-point  pitch  it  is  advis- 
able* to  allow  the  cube  to  rest  in  the  bath  for  five  minutes  before  applying 
the  heat.  This  method  wall  give  duplicates  with  not  more  than  2  or  3** 
maximum  variation,  even  when  made  by  dififerent  operators. 

As  a  check  on  hard  pitch,  the  method  described  by  Dr.  Clifford 
Richardson  for  asphalts  is  frequently  used.  It  gives  results  about  20°  C. 
lower  than  the  cube  method.  The  pitch  is  cooled,  if  necessary,  and  ground 
in  an  agate  mortar  to  a  fine  powder.  A  small  portion  of  the  powdered 
pitch  is  transferred  to  a  thin  No.  00  microscope  cover  glass  and  floated 
in  the  surface  of  a  beaker  of  mercury.  The  temperature  of  the  mercury  Is 
raised  2°  C.  per  minute.  The  pitch  is  examined  with  the  aid  of  a  small 
lens,  and  the  temperature  noted  when  the  particles  begin  to  melt. 

The  slide  or  flow  test,  together  with,  the  melting- and  breaking-points, 
is  designed  to  give  information  of  the  relative  fitness  of  pitches  for 
roofing  purposes.  A  ^-in.  cube  of  pitch  is  fastened  to  a  grooved  cop- 
per plate  by  slightly  heating  the  plate.  The  plate  is  then  inclined  at 
an  angle  of  30°,  and  placed  in  an  air  bath  kept  at  exactly  40°  C.  for 
twelve  hours.  The  length  of  the  stream  of  pitch  is  measured  and  com- 
pared with  other  samples  known  to  be  satisfactory  under  given  conditions. 
It  is  quite  important  that  the  slide  be  insulated  by  asbestos  board  from 
the  metal  of  the  oven  and  that  the  temperature  be  maintained  at  exactly 
40°  C,  as  slight  variations  in  the  temperature  will  render  the  results 
valueless.  The  grooved  plate  has  several  grooves  and  it  is  customary 
to  test  several  samples  at  once. 

The  specific  gravity  of  pitch  is  determined  in  any  manner  satisfactory 
for  solids.  The  weighing  bottle  previously  described  for  tar  will  be  found  a 
very  good  substitute  for  the  ordinary  specific  gravity  bottle  for  this  work. 

The  Examination  of  Light  Oil,  Crude  Naphthas,  and  Refined  Benzols. 
The  usual  requirements  of  the  examination  of  Ught  oil  are  met  by  the 
tests  prescribed  for  the  fraction  of  the  distillate  from  tar  up  to  200°  C. 
(see  p.  472)  but  occasionally  it  is  desirable  to  determine  approximately 
the  constituents  of  the  oil  and  a  larger  sample,  frequently  two  to  four 
liters,  is  worked  as  follows. 
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The  tar  acids  and  pyridines  are  removed,  the  former  by  caustic  soda 
as  previously  described  under  the  examination  of  tar,  and  the  pyridines 
by  dilute  sulphuric  acid,  sp.gr.  1.15.  The  acid  solution  from  the  pyridine 
extraction  is  heated  on  a  steam  bath,  water  being  added  from  time  to 
time,  to  replace  that  lost  by  evaporation,  till  the  addition  of  water  no 
longer  produces  a  cloudiness.  The  bases  are  then  set  free  by  strong 
caustic  soda  solution  and  their  volume  measured. 

If  it  is  desired,  the  bases  suitable  for  denaturing  alcohol  can  be 
determined  by  distilling  the  above  alkaline  solution  and  separated 
bases  until  no  further  trace  of  pyridine  comes  over  with  the  distillate. 

The  distillate  is  mixed  with  four  times  its  volume  of  absolute  alcohol. 
10  c.c.  of  this  solution  is  further  diluted  with  50  c.c.  absolute  alcohol 
and  agitated  with  2  c.c.  of  a  concentrated  aqueous  solution  of  cadmium 
chloride.  After  twenty-four  hours  the  crystals  that  have  formed  are 
transferred  to  a  tared  filter,  dried  at  100°  C,  and  weighed.  The  dry 
crystals  contain  46  per  cent  of  pyridine  bases  that  comply  with  the 
specifications  for  denaturing  alcohol. 

After  the  phenols  and  pyridines  have  been  removed,  1000  c.c. 
of  the  extracted  oil  is  distilled  in  a  2000  c.c.  copper  still,  similar  in 
design  to  those  used  for  tar  testing.  The  still  is  fitted  with  a  6-bulb 
Lebel-Henninger  fractioning  tube  with  copper  or  platinum  gauze  in  the 
bottom  of  each  bulb  to  aid  in  mingling  thoroughly  the  vapor  and  con- 
densate. The  thermometer  is  adjusted  so  that  the  top  of  the  bulb  is 
level  wth  the  side  tube.  Connection  is  made  to  a  Liebig  condenser 
or  one  like  those  described  under  tar  testing  and  the  distillation  carried 
on  at  the  rate  of  2  to  3  drops  per  second. 

Fractions  are  taken 

Up  to    75°  C,  low-boiling,  unsaturated  bodies  and  some  benzene. 

75  to    95°  C,  crude,  90  per  cent  benzol. 

95  to  105°  C,  intemediate  fraction  distilling  60-65  to  100°  C. 
105  to  125°  C,  crude  toluol. 

125  to  170°  C,  crude  solvent  naphtha  boiling  90  per  cent  to  160°  C. 
170  to  200°  C,  crude  heavy  naphtha  boiling  about  80-90  per  cent  to 

200°  C. 

These  fractions,  except  the  last,  are  shaken  in  a  separatory  funnel 
with  1  per  cent  of  concentrated  sulphuric  acid  in  two  portions.  Each 
portion  is  vigorously  agitated  for  five  minutes  and  the  settled  acid  tar 
carefully  drawn  off.  After  the  second  treatment  with  acid  the  oil  is 
washed  twice  with  water,  then  with  caustic  soda  solution  1.116  sp.gr. 
and  finally  with  water  again.  The  final  traces  of  water  may  be  removed 
by  passing  through  a  dry  filter  and  a  distillation  made  as  described 
below.  The  distillations  are  compared  with  Tables  I,  II,  III,  and  IV, 
from  which  the  approximate  yield  of  the  various  constituents  can  be 
computed. 
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MIXTURES  OF  50%  BENZOL  WITH  COMMERCIAL  TOLUOL 

By  G.  E.  Davis 


Per  Cent 
50%  Benzol. 

Per  Cent 
Toluol. 

First  Drop. 

Per  Cent 
at  100°  C. 

Per  Cent 
at  105"  C. 

Per  Cent 
at  110°  C. 

Per  Cent 
at  120°  C. 

100 

0 

92° 

50 

68 

80 

91 

9;") 

5 

93° 

45 

64 

76 

91 

90 

1     10 

94° 

33 

60 

73 

90 

s.-) 

15 

94° 

30 

58 

73 

90 

SO 

1     20 

95° 

28 

57 

72 

90 

75 

25 

95° 

26 

55 

71 

90 

70 

;     30 

96° 

22 

48 

67 

90 

05 

1     35 

96° 

19 

47 

65 

90 

m 

1     40 

96° 

15 

46 

65 

90 

.^o 

45 

97° 

12 

44 

65 

90 

50 

1     50 

98° 

8 

42 

64 

90 

45 

'     55 

98° 

4 

34 

57 

90 

40 

60 

99° 

0 

26 

56 

90 

35 

65 

100° 

0 

25 

55 

90 

30 

70 

100° 

0 

23 

53 

90 

25 

'    75 

100° 

0 

21 

53 

90 

20 

80 

100° 

0 

16 

48 

90 

15 

85 

101° 

0 

14 

46 

90 

10 

90 

102° 

0 

13 

45 

90 

5 

1     95 

103° 

0 

10 

44 

90 

0 

1    100 

103° 

0 

0 

39 

90 

The  distillation  is  conducted  at  the  rate  of  about  two  drops  per 
second,  so  that  the  whole  100  c.c.  distills  in  20  to  25  minutes.  The  first 
drop  falling  from  the  condenser  is  noted  as  1  c.c.  and  the  amount 
collected  at  each  5°  is  noted.  For  the  ordinary  commercial  benzols 
a  thermometer  graduated  in  degrees  is  satisfactory,  but  for  pure  benzol 
and  toluol  the  graduations  should  be  -^\  degree  centigrade.  Com- 
mercial benzols  may  contain  sulphurous  acid  set  free  from  unstable 
compounds  formed  in  washing.  A  strip  of  moistened  iodide  of  starch 
paper  may  be  hung  at  the  mouth  of  the  condenser  to  detect  it. 

The  barometer  materially  influences  the  boiling-point  of  pure  benzol, 
toluol,  and  xylol,  and  a  correction  of  the  observed  thermometric  read- 
ing must  be  made  by  adding  if  below  760  mm.  and  subtracting  if  above 
that  pressure  the  product  of  the  difference  in  millimeters  from  the 
standard  barometric  pressure  by  one  of  the  following  factors:  for  pure 
benzene,  0.043,  for  toluene,  0.047,  and  for  xylene,  0.052. 

The  tar  production  of  the  world  was  summarized,  in  an  article  by 
Russig  in  the  Chemische  Zeitschriftj  as  1,899,400  tons  in  1900,  exclusive 
of  blast-furnace  and  water-gas  tars.  The  U.  S.  Census  reports  the 
following  as  the  production  of  the  United  States: 
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1900 


342,306 
110,323 


it 


i  t 


It 


Coal  gas  tar •    60,900  tons 

Vxjke  oven  tar 47,500 

Wat^r  gas  tar 

The  census  also  re{)orts  as  used : 

Coal  tar 

Water  gas  tar 

There  were  imported : 

Crude  tar  and  pitch 

Estimated  to  equal  in  tons 


80,047  barrels 
18,341 


1905 


77,643  tons 
131,117 
259,934 


(( 


i( 


127,732 
117,459 


i( 


ti 


46,057  barrels 
12,722 


Statements  have  been  made  that  only  20  to  30  per  cent  of  the  tar 
produced  in  the  United  States  was  taken  by  the  tar  distillers.  From 
the  figures  above  it  would  seem  that  all  of  the  coal  tar  and  a  large 
portion  of  the  water-gas  tar  was  used  by  the  distillers. 
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THE  PETROLEUM  INDUSTRY 

THOMAS  T.  GRAY 
Chief  Chetnintf  Tide  Water  Oil  Co.y  Bayonne^  X.  J. 

Petroleum.  Petroleum,  from  two  Latin  words:  Petra,  a  rock,  and 
Oleum,  oil,  is  an  inflammable  oily  liquid  of  characteristic  odor,  generally 
found  in  large  quantities  in  porous  rocks  called  sandstones — of  practically 
all  geological  ages  of  the  earth ^s  crust  from  the  Lower  Silurian  to  the  latt<3r 
part  of  the  Tertiary,  and  is  usually  overlaid  by  an  impervious  formation. 
In  appearance  it  varies  widely,  some  being  found  of  light  yellow  color  and 
very  limpid,  while  others  are  almost  black  and  of  high  viscosity.  The 
specific  gravity,  according  to  Redwood,^  varies  from  0.771  to  l.OC  (51.5 
to  2.3°  Beaum6). 

The  occurrence  of  petroleum  has  been  known  since  450  b.c.^  at  Kirab, 
in  Persia.  The  early  settlers  in  America  found  the  Seneca  Indians  gath- 
ering it  from  what  is  now  Oil  Creek,  near  Oil  City,  Pennsylvania.  It 
was  also  associated  with  the  brine  from  the  salt  wells  of  the  Kanawha 
Valley  in  West  Virginia. 

Mr.  George  H.  Bissell,  a  New  York  lawyer,  was  the  first  man  to  pro- 
pose drilling  for  oil,  and  in  1858  the  Seneca  Oil  Co.,  organized  by  him, 
engaged  the  services  of  Mr.  E.  L.  Drake  as  superintendent,  and  started 
operations  on  a  plot  of  ground  leased  from  the  Pennsylvania  Rock  Oil 
Company.  After  many  delays  they  were  finally  rewarded  by  striking 
a  25-barrcl  ^  well  at  a  depth  of  69  ft.,  in  August,  1859.  This  marked  the 
beginning  of  the  petroleum  industry. 

Origin  of  Petroleum.  The  origin'*  of  petrolemn  has  been  the  sul^ject 
of  much  discussion  among  scientists  throughout  the  world,  the  theories  set 
forth  being  divided  into  two  groups  the  inorganic  and  the  organic.  The^ 
inorganic  theories  consider  petroleum  to  have  been  produced  by  the  reac- 
tion of  inorganic  sul)stances.  Berthelot  believed  it  to  have  been  formed 
by  the  action  of  steam  and  carbon  dioxide  on  highly  heated  alkali  metals, 
which,  according  to  Daubree's  hypothesis,  were  supposed  to  exist  in  the 

'  "  Petroleum  and  its  Products,"  by  Sir  Boverton  Redwood. 

-  The  early  writings  of  Herodotus;  Bibliography  of  the  Annual  Report  of  the  Geo. 
Survey  of  Penna.,  1886. 

^  A  well  yielding  twenty-five  42-gallon  barrels  per  day. 

*  For  a  more  detailed  description  of  the  origin  of  jietroleum,  the  reader  is  referred 
to  **  Petroleum  and  its  Products,"  Vol.  I,  Sir  Boverton  Redwood. 
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depth"?  of  tho  earth.  Mendelejeff  believed  it  to  have  been  formed  by  the 
action  of  water  on  highly  heated  metalHc  carbides.  These  theories  have 
been  {supported  by  laboratory  experiments,  yet  they  arc  not  in  accord 
with  the  geological  conditions  under  which  petroleum  is  found. 

The  organic  theories  that  petroleum  has  resulted  from  the  decomposi- 
tion of  either  animal  or  vegetable  matter,  or  both,  are  now  generally  ac- 
cepted. They  have  also  been  supported  by  laboratory  experiments,  and 
comply  more  fully  with  the  views  held  by. the  geologists.  Peckham  ^ 
l^elieved  that  petroleum  was  produced  by  the  slow  distillation  of  animal 
and  vegetable  matter  at  a  low  temperature;  Phillips ^  and  Sterry  Hunt/"* 
that  it  was  due  to  the  decomposition  of  vegetable  matter  under  water 
and  in  the  absence  of  air.  Orton^  considered  Pennsylvania  petroleum 
to  have  been  derived  from  organic  matter  of  bituminous  shale,  probably 
vegetable;  and  Canadian  oil  produced  from  limestone,  probably  animal. 

Constitution.  Crude  petroleum  consists  essentially  of  a  complex  n:ix- 
ture  of  hydrocarbons  of  different  boiling  points,  often  accompanied  by 
small  percentages  of  oxygen,  sulphur,  and  nitrogen  compounds.  The  oils 
produced  from  different  localities  often  vary  widely  in  chemical  composi- 
tion, but  they  are  all  refined  ])y  the  same  general  methods. 

The  following  table  ^  given  ])y  F.  W.  Bushong  shows  the  ultimate 
chemical  composition  of  samples  obtained  from  different  localities: 


Sp.Gr. 


Field. 


0 .  8095 

0 .  s:^)7 

0 .  836 
0 .  862 
0 .  865 

0.912 
0.912 
0.912 
0.940 
0 . 9458 
0 .  9845 


Carbon. 


Pennsylvania  (235) 

Oil  City,  Pa.  (236) 

Welker,  Ohio  (236) 

Findlay,  Ohio  (236) 

Petrolia,  Canada  (236) . . . 
Cherryvale,  Kan.  (237) .  . 

Baku,  Russia  (235) 

Humboldt,  Kan.  (237) .  .  . 
Beaumont,  Tex.  (238) .  .  . 

Ventura,  Cal.  (239) 

Humboldt,  Kan.  (237) .  .  . 
McKittrick,  Cal.  (240)... 
8anta  Barbara,  Cal.  (236) 


86.06 
85 .  80 
85 .  46 

84 .  57 
83 .  94 

85 .  43 

86 .  25 
85.63 
85.05 
84.00 
85.33 
86.06 
86.32 


13.89 

14.04 

13.91 


13 
13 
13 
13 
12 
12 
12 
11 
11 
11 


62 
37 
07 
48 
44 
30 
70 
80 
45 
70 


Sulphur. 

NitroK»^n. 

0.06 

0.48 

0.72 

0.11 

0.99 

0.37 

•   •   •   • 

0.37 

•• 

1.75 

0.40 

1.70 

0.15 

0.87 

0.84 

23.'>  EnRler.  Ber.  d.  Doutaoh.  Chom.  Gos.    28.  2501,  lS9o. 

236  Mabcry,  Amcr.  Chem.  Jr.  17.  71.3,  1895;    18,    55,   149.  1^.).'.;    Prr,r.    .Vmc-r.  Acad.  A.  and  S., 
40,  323,  1904. 

237  Bartow  and  McCollum,  Trans.  Kan.  Acad.  Sci.,  19,  58,  1903. 

238  Hichardson.  Jr.  Franklin  Inst..  113.  102.  1900. 

239  18th  Ann.  Rop.  U.  S.  G.  S..  842.  1890-97. 

240  O'Neill,  Jr.  Araer.  Chem.  Hoc,  25,  099,  1903. 

The  oil  refiner'  divides  petroleum  into  two  general  classes,  viz. :    the 
'^  paraffin-base,"  those  yielding  solid  liydrocarl^ons  of  the  paraffin  series 

^  United  States  Census  Report,  1880. 
2  Phillips  Amer.  Chem.,  XVI,  p.  429. 
'  Bull.  Soc.  GeoL,  XXIV,  p.  570. 

*  Report  on  the  occurrence  of  petroleum,  natural  gas,  and  asphalt  rock  in  Western 
Kentucky,  1892. 

^  University  Geol.  Survey  of  Kansa.s,  A'ol.  IX,  1908. 
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CnH2n+2;  and  the  "  asphaltic-base/'  or  those  rich  in  asphalt  and  corv- 
taining  practically  no  solid  paraffins.  There  is,  however,  no  sharp  line  of 
distinction,  as  some  of  the  oils  from  Kansas,  Oklahoma,  Northern  Texas, 
and  Illinois  contain  both  asphalt  and  paraffin. 

Locality.  The  oil  from  Pennsylvania,  of  the  Appalachian  field,  which 
includes  Pennsylvania,  New  York,  Southea.stern  Ohio,  West  Virginia, 
and  Kentucky,  is  generally  considered  the  best  grade  of  petroleum  pro- 
duced in  large  quantities.  This  is  a  ''  paraffin-base  ''  oil,  but  contains 
small  quantities  of  the  olefin  series  CnH2n,  the  benzene  series  CnH2n-o, 
and  traces  of  the  naphthene  series,  which  are  hydrogen  addition  products 
of  the  benzene  series,  and  isomeric  with  the  olefin  series.  The  color  by 
transmitted  light  varies  from  amber  to  red,  and  by  reflected  light  is  green, 
due  to  the  so-called  *'  bloom  "  or  fluorescence.  In  specific  gravity  it 
ranges  generally  from  .8641  to  7821  (32.0  to  49.0°  Beaumd).  It  contains 
very  little  sulphur  (.00  to  .084),  practically  no  asphaltic  matter,  and 
gives  a  good  yield  of  gasoline,  illuminating  oils,  and  paraffin  wax. 

The  Canadian  oil  and  that  from  Lima,  Ohio,  are  also  paraffin-base 
oils;  ])ut  as  they  are  high  in  sulphur  (Lirca^  oil  0.6  per  cent,  and  Petrolia, 
Canada,^  0.98  per  cent),  the  illuminating  oils  separated  from  them  have 
to  be  desulphurized  in  order  to  make  them  merchantable. 

The  petroleum  from  Illinois  is  lower  in  sulphur  (.25  per  cent  to  .32 
per  cent),  much  of  it  being  refined  without  special  treatment;  l^ut  that 
from  some  pools  contains  asphalt  as  well  as  solid  paraffin,  as  do  some 
from  Kansas,  Oklahoma,  and  Northern  Texas. 

The  (California  -  oils  are  of  the  asphaltic  type  and  are  made  up  of  a  large 
proportion  of  nitrogen  bases  of  the  pyridin,  or  hj-dropyridian,  and  chinolin 
type.  They  also  contain  members  of  the  terpenc  series,  (\H2n_4,  and 
the  benzene  series,  CnH2n-6,  as  does  the  oil  from  Beaumont,  Texas. 

There  are  small  quantities  of  petroleum  produced  in  Pennsylvania, 
West  Virginia,  and  other  localities,  which  possess  lu])ricating  qualities  in 
their  natural  state,  and  need  only  to  be  strained  before  thi^y  are  placed 
on  the  m.arket;  but,  as  the  production  is  small,  these  oils  are  only  of 
passing  interest. 

Of  the  other  countries,  Russia  is  the  largest  producer.  The  oil  from 
Baku  differs  chemically  from  the  Pennsylvania  oil  in  being  made  up  largely 
largely  of  the  **  naphthene"  series,  which,  according  to  Markownikow  ^ 
and  Ogloblin,  constitutes  80  per  cent. 

Smaller  fields  exist  in  Sumatra,  Java,  Borneo,  Galicia,  Roumania, 
Egypt,  Persia,  Africa,  India,  Japan,  Mexico,  Germany,  Peru,  and  Italy. 

The  following  table  gives  the  rank  of  the  petroleum  producing  coun- 
tries, with  the  quantity  produced  and  the  percentage  of  each  in  1908,  in 
barrels  of  42  gallons : 

^  Mabery. 

=  Prof.  F.  W.  Bushong,  I'niv.  Kansas  Bull.  Vol.  IX,  p.  307. 

3  Jour.  ('hem.  Soc  XUI,  390;    XLVI,  1276. 
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WORLD'S  PRODUCTION  OF  CRUDE  PETROLEUM,  1908,  BY  COUNTRIES  ' 

(Barrels  of  42  gallons.) 


Quantity. 


Percentage. 


Unitcxi  States:  ' 

Oklahoma 45,798,765 

California '  44,854,737 

Illinois 33,685,106 

Texas 11.206,464 

Ohio 10,858,797 

West  Virginia 9,523,176 

Pennsylvania 9,424,325 

Louisiana 6,835,130 

Indiana 3,283,629 

Kansas 1,801,781 

New  York 1,160,128 

Kentucky 727,767 

Tennessee  * 

Colorado |  379,653 

Utah 17,775 

Wyoming 

Michigan 

Missouri 15,246 

Russia 62,186.447 

Sumatra,  Java  and  Borneo 8,752,822 

Oalicia 12,612,295 

Roumania 8,252,157 

India 5.047,038 

Japan 2,070,921) 

Mexico 3,481,410 

Canada 527,987 

Germany 1,009,278 

Peru 1,011,180 

Italy^ 60,00() 

Others^ 30,000 


16.08 

15.75 

11.84 

3.94 

3.82 

3.34 

3.31 

2.40 

1.15 

.63 

0.41 

0.26 

0.15 


0.01 


63.09 


21.85 
3.08 
4.43 
2.90 
1.77 
0.73 
1.22 
0.19 
0.35 
0.36 

0.03 

100.00 


No  production  in  Tennesaoe  recorded  in  1908. 


-  Estimated. 


Production.  Crude  potroleum  is  obtained  l)y  drilling  througli  the 
overlying  strata  to  the  oil  producing  sands  beneath,  proceeding  in  prac- 
tically the  same  manner  as  in  boring  an  artesian  water  well.  The  depth 
of  the  wells  depend  on  the  locality.  In  Pennsylvania  the  depth  varies 
from  300  to  3700  ^  ft.  It  sometimes  happens  in  drilling,  when  the  oil 
bearing  strata  is  tapped,  that  the  oil  rushes  out  of  the  well  with  great 
force,  due  to  confined  gas;  such  a  well  is  called  a  ''  gusher.''  Some  of 
the  big  gushing  wells  of  Russia  have  started  producing  at  the  rate  of  200,- 
000  barrels  of  oil  per  day.  The  famous  Lucas  well  struck  at  Spindle  Top 
near   Beaumont,  Texas,  on  Jan.  10.  1901,  at  a  depth  of  from  1029  to 

»  "  The  Production  of  Petroleum  in  1908,"  by  David  T.  Day,  Dept.  of  the  Interior, 
U.  S.  Geological  Survey. 

^  "  Petroleum  and  its  Products,"  by  Sir  Boverton  Redwood. 
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1069^  ft.,  is  estimated  to  have  started  gushing  at  the  rate  of  70,000  barrels 
per  day,  and  probably  flowed  500,000  barrels  before  it  could  be  capped. 

Although  we  are  producing  more  oil  now  than  ever  before,  owing  to 
the  development  of  new  fields,  the  older  fields  are  slowly  diminishing  ia 
protluction.  According  to  the  U.  S.  Oeol.  Report  for  1909,  Pennsylvania, 
in   1891,   produced   33,009,236   barrels,  and   Texas,   in   1905,  produced 


Fir..  20S. 

28,136,189  barrels;  Pennsylvania,  in  1908,  produced  only  10,584,453, 
and  Texas,  11,206,464  barrels. 

The  production  of  a  well  is  sometimes  increased  by  "  shooting,"  i.e., 
by  exploding  a  shell  of  nitro-glycerine  in  the  producing  zone.  Photo- 
graph, Fig.  268,  shows  a  well  spouting  after  being  shot. 

As  the  Pennsylvania  petroleum  is  of  excellent  quality,  it  is  found  profit- 

"Thc   Production    of   Pplrolcum   in    1903,"  F.   H. 
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able  to  pump  wells  yielding  only  one-fourth  barrel  per  day;  such  wells  are 
connected  in  series  and  worked  as  a  unit. 

The  petroleum  as  produced  is  always  accompanied  to  a  greater  or  less 
degree  by  water  and  B.  S.  (bottom  settlings).  The  water  is  removed  by 
settling,  and  also  the  B.  S.,  if  it  is  earthy  matter,  or  inert  organic  matter; 


Ftg.  269. 

but  in  case  of  Pennsylvania  petroleum,  where  it  is  principally  an  emul- 
sion of  amorphous  paraffin  wax  and  water,  it  is  refined  wiih  the  crude 
oil  after  the  water  has  been  separated. 

Petroleum  is  transported  great  distances  from  the  fields  to  the  storage 
tanks  (30,000  to  75,000  barrels  capacity)  of  large  refineries,  through  pipe 


Fig.    270.— -1.   Still;     B.  Ash-pit;    C.  Filling;    D.    Flue;   E.  Fire-box;   F.  Manholes; 

G.  Filling  line;    //.  Pumjiing  out   line;    /.  Dome;    J.  Goose  neck;  K.  Safety 

valve;    L.  Condenser  box;    M.  Condenser  coil;    X.  Tail  house;    O.  Gas  trap; 
P.  Link  box;  Q.  Manifred. 

lines  of  from  4  ins.  to  8  ins.  in  diameter,  the  average  line  being  6  ins.  The 
longest  distance  known  to  the  writer  is  from  the  Oklahoma  field,  via. 
Kansas  City  and  Chicago,  to  the  seaboard,  a  distance  of  about  1600  miles. 
Refining.  The  first  step  in  the  separation  of  petroleum  into  its  vari- 
ous products  is  fractional  distillation,  and  this  is  modified  according  to 
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the  nature  of  the  crude  oil,  and  the  product!?  desirpd.     The  horizontal 
steel  stills '  used  for  this  operation  vary  in  construction,  but  those  in  gen- 


Fin.  271. 

eral  use  in  this  country^  arc  cylindrical  steel  shells  set  in  brickwork,  as 

shown  in  Figs.  269  and  270,  the  upper  half  being  exposed  except  for  an 

iron  jacket  covering.     The  largest 

stills  of  this  type  are  about  42  ft. 

long  by  15  ft.  in  diameter,  with  a 

charging  capacity  of  about  1200  (42 

gallons)    barrels.      They   may    be 

either  end  or  aide  fired,  the  latter 

being  preferable  on  account  of  the 

ease  with  which  the   still  can  be 

controlled.       The   fuel    used   may 

be  either  coal  or  oil,  it  being  cheaper 

to   burn   oil   in  some  cases,  b^  in 

California  and  Russia,  where,  owing 

to  the  scarcity  of  coal,  oil  is  used 

almost  entirely. 

The  stills  are  usually  fitted  with  Fi,;  272. 

domes  at  the  top  which  are  eonnectefi 

'Several  years  ago  the  "  Cheesp  box"  or  uprifdit    still  were  used,  but  proving 
expensive  to  operate  and  to  repair  they  were  disconlinued. 

'  In  Ru9.sia  and  also  slightly  in  thia  country  horizontal  stills  with  longitudinal  flues- 
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with  12  to  16-mch  vapor  pipes,  or  "  goose  necks  "  that  lead  to  condensers, 
Tiie  condensers  consist  of  coils  of  pipe  set  in  tanks,  through  which  cold 
watpr  is  circulated.  The  pipes  connecting  the  condenser  coils  with  the 
'•  tail  house,"  some  distance  away,  are  called  the  "  running  tines,"  and  are 
usually  provided  with  traps  for  separating  the  uncondensed  gas  which 
accompanies  the  distillate  to  a  greater  or  less  extent,  and  which  for  pur- 
poses of  economy  is  utilized  in  gas  engines  or  burned  under  the  boilers  or 
stills.  The  running  lines  arc  intercepted  in  the  "  tail  house  "  by  "  look 
boxes  "  enclosed  with  glass.  Fig.  273,  so  that  the  "stream  "  (distillate  flow- 
ing from  the  condenser)  can  be  watched  by  the  stillman  in  charge.     The 


Fio.  273. 

look  time  to  time.  The  process  is  usually  controlled  by  the  gravity  of  the 
boxes  are  equipped  with  small  cocks,  so  that  samples  can  be  taken  from 
stream,  or  other  simple  tests  made  by  the  stillman.  The  bottom  of  the 
"  look  l)ox  "  connects  with  a  manifold  usually  having  cocks  or  valves,  so 
that  the  distillate  may  be  run  into  any  receiving  tank  desired. 

Ill  some  refineries,  several  stills  arc  connected  and  run  continuously, 
by  simultaneously  charging  into  the  first  still  slowly,  and  pumping  from 
the  last,  each  still  being  fired  stronger  than  the  preceding  one,  so  that 
tlifferent  boiling  point  fractions  are  obtained  from  each  one. 

When  distilling  oil  continuously  the  heat  from  the  reiluced  oil  passii^ 
from  the  last  still  is  transferred  to  the  oil  being  charged  into  the  first  still, 
by  passing  the  hot  and  cold  oil  in  opposite  directions  through  an  exchanger. 
The  exchanger  consists  of  a  system  of  coils  arranged  in  a  steel  shell;  thg 
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hot  oil  passing  through  the  coils  gives  up  its  heat  to  the  cold  oil  being 
pumped  through  the  shell  to  the  still. 

As  before  stated,  the  method  of  distilling  is  dependent  on  the  products 
desired.  When  petroleum  is  distilled  by  means  of  fire  alone,  the  heavy 
vapors  which  condense  in  the  top  of  the  still  drop  back  into  the  super- 
heated oil,  and  are  thereby  partially  decomposed.  This  decomposition, 
or  '*  crackiiig/'  causes  oils  of  lower  specific  gravity  than  are  normally 
present  to  be  produced,  and  is  called  the  "  dry,''  or  destructive  distillation. 

COMPARATIVE  TESTS  OF  THREE  DIFFERENT  SAMPLES  OF  CRUDE 
PETROLEUM,  ALSO  THE  SPECIFIC  GRAVITlFi^,  AND  COLD  TESTS, 
OF  THE  FRACTIONS  OBTAINED  FROM  SAME  BY  DESTRUCTIVE 
DISTILLATIONS 


Color, 

Ppnnnylvania. 

Illinois. 

Indian  Territory. 

Sulphur, 
Specific  Gravity 

Yellow 

(k07SVc 
41.9*  Bcaum<:'. 

Nearly  Black, 

0.205*^0 
33.8°  Baunw?. 

Dark  Green. 

0.283  V'c 
37.5°  Baum<«. 

Distillation: 

'(    B6.Gr.   °F. 

%   Be.Gr.    °  F. 

%   B^.  Gr.    "^  F. 

First  Fraction, 

10.0—70.0  — 

10.0—60.5  — 

10.0—67.9  — 

Second      " 

10.0—58.8  — 

10.0—51.5  — 

10.0—56.4  — 

Third 

10.0—52.8  — 

10.0-45.6  — 

10.0—50.6  — 

Fourth       " 

10.0—48.1  — 

10.0—40.6  — 

10.0—45.1  — 

Fifth 

10.0—43.7  — 

10.0—36.7  — 

10.0—40.5  — 

Sixth 

10.0—40.2  28C.T. 

10.0—34.3  36C.T. 

10. 0—36.6  41  C.T. 

Seventh     " 

10.0—39.3  48      " 

10.0—34.2  50   " 

10.0—34.2  42    " 

Eighth       " 

10.0—38.9  57      " 

10.0—34.6  53   " 

10.0—33.9  55    " 

Ninth 

10.0—38.8  61      " 

10.0—36.8  46   " 

10.0—36.6  47     '* 

Tenth 

8.5—36.9  55      " 

6.0—21.3  47   " 

5.0—36.9  46     " 

Coke  and  loss 

1.5 

4.0 

5.0 

100.0 

100  0 

100.0 

This  method  is  used  when  a  large  percentage  of  ])urning  oils  is  desired. 
The  products  when  running  on  Pennsylvania,  or  paraffin-base  crude  oil, 
are:  naphtha  (sometimes  redistilled,  for  cymogene,  rhigolene,  petroleum 
spirit  and  gasolene),  burning  oils,  gas  and  fuel  oils,  paraffin  lubricating 
oils,  wax  and  coke.  The  usual  practice  is  to  first  *'  run  ''  the  **  crude  ''  to 
tar  (about  9  to  12  per  cent  residuum)  in  the  crude  stills,  and  to  distil  the 
tar  separately  at  the  tar  stills  for  paraffin  or  **  tar  "  distillate  (lubricating 
oil  distillate  containing  the  paraffin  wax)  and  coke. 

When  lubricating  oils  of  superior  quality,  such  sm  spindle  and  cylinder 
oils,  are  being  manufactured,  it  is  necessary  to  prevent  the  decomposition 
of  the  crude  oil  as  much  as  possible,  and  this  is  accomplished  by  intro- 
ducing steam  (dry*  but  not  necessarily  superheated)  into  the  oil  in  the  still 
by  means  of  a  perforated  coil.  The  vapor  pressure  is  lowered  by  this 
process,  and  the  hydrocarbons  distil  over  at  temperatures  lower  than  their 
normal  boiling  points.     The  steam  jets  also  keep  the  oil  in  constant  state 

*  In  the  writer's  experience,  the  "  P.  J.  Heflfeman  Improved  Steam  Trap  "  has 
proven  the  most  satisfactory  for  this  purpose. 
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of  agitation,  thereby  preventing  it  from  getting  overheated  at  the  bottom 
of  the  still  next  to  the  fire.  This  method  is  called  the  ''  steam  "  distilla- 
tion; the  products  are:  Naphtha,  burning  oils  (less  than  when  distilled 
destructively),  gas  and  fuel  oils,  spindle  oils,  paraffin  wax  and  cylinder 
oils.  Some  refiners  use  the  vacuum  distillation,  in  conjunction  with  the 
steam  distillation,  were,  by  the  aid  of  a  pump,  a  partial  vacuum  is  created 
in  thp  still,  and  the  hydrocarbons  pass  over  at  temperatures  much  below 
their  normal  boiling  points.  The  vacuum  stills  are  of  the  same  general 
type  as  the  ordinary  horizontal  '*  crude  stills, ''  but  are  smaller  and  heavier. 

Naphtha  and  Illuminating  Oils.  The  chart  on  opposite  page  shows  the 
different  steps  in  the  '^  dry  "  distillation  of  Pennsylvania  crude  oil.  The 
**  stream  ^'  (distillate  flowing  from  the  condenser)  begins  running  into  the 
"  tail  house  "  under  ordinary  conditions  at  about  80°  B^.  (.6666  sp.  gr) ; 
it  is  practically  water  white  in  color,  and  is  ''  run  ''  into  light  naphtha 
(Fraction  A)  until  it  reaches  69°  B6.  (.6965  sp.  gr.).  From  69  to  58° 
B^.  (.7035  to  .7446  sp.  gr.)  the  distillate  is  collected  as  heavy  naphtha 
(Fraction  B) ;  })ut  as  it  is  more  or  less  contaminated  with  some  of  the 
heavier  h\'drocarbons  of  boiling  points  too  high  for  use  as  naphtha,  it 
has  to  be  redistilled  in  a  ''  steam  still,"  (a  still  heated  by  steam  coils 
and  steam  jets).  The  upper  fraction  is  added  to  the  light  naphtha 
(Fraction  ^4),  and  the  residue  used  for  blending  with  the  low  test 
burning  oil  which  follows. 

The  naphtha  Fractions  A  and  B,  representing  from  12  to  15  per  cent 
of  the  crude  oil,  can  be  worked  up  in  several  different  ways.  They  can 
be  used  for  all  ordinary  purposes  without  further  refining,  or  may  be 
redistilled,  the  very  volatile  fractions  being  condensed  by  exterme  cold, 
and  under  pressure,  thereby  separating  cymogene,  rhigolene,  gasolene 
and  petroleum  spirit,  which  Allen  in  his  "Commercial  Organic  Analysis,'' 
Vol.  II,  part  I,  p.  96,  classifies  as  follows: 


Commercial  Name, 


Cymogene 

;  Rhigolene 

Petroleum 
Ether      1 

Gasolene  (Canadol) 

C.  Naphtha' \ 

Petroleum  '  Benzine-naphtha .  / 

Spirit  or  |  B.  Naphtha 

Benzolin  ;  A.   Naphtha 

Benzin 


Dejjrpos 
Baum<'>. 


Specific  Gravity. 


Composition. 


108 


0.588  Consists  chiefly  of  tot- 

I       rane,  C  H,o- 
94  to  02   j  0.625  to  0. 631      Consists  chiefly  of  pen- 

tane  and  isopentano, 
CjH,2. 
0 .  622  to  0 .  666     Consists  chiefly  of  hex- 

ane,   CeHi4  and  iso- 
hexane. 


95  to  80 


76  to  70      0.680  to  0.700 

66  to  65      0.714  to  0.718 
59  to  58      0.740  to  0.745 


In  order  to  improve  the  odor  of  the  naphtha  it  is  sometimes  treated 
with  about  two  to  four  pounds  of  66°  B6.  commercial  sulphuric  acid  per 


m '' — ^ 

EtdAuaaf  orT«c 


n«iiMi»o*ite*«: 


Lot 


nntohed  LiiMartlaff  Oi 
(low  Ttocoiltjp) 


Products  Ol''^' 


Slack  Wax  (05/lQ6*F.M.PJ 

CMuMmW-ff  9fe  OB 
Bweatdl 


■>-^ 


8o(t  Wax 
Jitt'Swcuted 


I 


C0k« 


Bard  Wax 


|Hliii>.K«pblfc>  dbdiMat 

•aaWufllMNd 

BMktffPallanEiitlk. 


Foots 


Soft  Wax  ^ 
(olmoMt  frrc  ftom  oil) 


rFattmKtrtb. 


T 


Bafined  Parafllao  Wax 


Wbtte  Scale  Wax 
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barrel  of  50  gallons,  by  agitation  in  tall,  lead-lined  cone-bottomed  tanks. 
Figs.  274  and  275,  called  agitators,  of  from  300  to  500  barrels  capacity, 
provided  with  mechanical  stirring  gears,  in  preference  to  an  air  blast,  in 
order  to  prevent  loss  by  evaporation.  The  acid  is  allowed  to  settle  and 
draw  off  into  the  sludge  acid  tank.  The  naphtha  is  washed  thoroughly 
with  water  by  means  of  a  spray  and  finally  by  agitation  with  water,  and 
is  then  made  alkaline  with  caustic  3oda  of  4  to  10°  B^.,  and  finally  washed 
with  water  until  neutral,  when  it  is  pumped  into  tanks  and  allowed  to 
settle  until  bright.  After  this  treatment  it, becomes  known  as  "  deodorized 
naphtha." 


Fig.  274. — A.  Agitator;  B.  Dome;  C.  Swing  suction  for  pumping  out  oil;  />.  Oil- 
filling  line;  E.  Air  blast;  F.  Cock  for  drawing  off  sludge;  G.  Acid  tank;  H. 
Acid  line;  /.  Comi>ressed  air  line;  /.  Chain  for  operating  swing  suction. 


To  recur  to  the  original  distillation,  from  58  to  43°  (.7446  to  .8092 
sp.  gr.),  or  as  long  as  the  stream  runs  good  color  (almost  colorless)  the 
high  test  burning  oil  (Fraction  C),  is  collected.  It  is  "  steam  stilled  " 
to  150°  F.  fire  test,  and  the  distillate  put  into  heavy  naphtha  (Fraction 
B).  The  residue  from  the  steam,  still  known  as  150°  W.  W.  Stock,  is 
treated  as  described  later. 

When  the  distillate  begins  to  go  "  off  color,"  due  to  cracking,  it  is 
"  cut  into  "  low  flash  burning  oil  distillate  (Fraction  D),  which  is  also  steam 
stilled,  the  volatile  fraction  being  naphtha  of  70°  B6.  (.7000  sp.  gr.),  called 
"  gas  naphtha  "  from  its  objectionable  odor.  Gas  naphtha  contains  a 
large  proportion  of  unsaturated  hydrocarbons,  and  goes  into  the  cheaper 
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grades  of  naphtha.  The  appearance  of  so  low  a  specific  gravity  fraction 
at  this  stage  of  the  distillation,  illustrates  clearly  th;'  effect  of  the 
"  cracking  "  process. 

The  burning  oil  stocks  from  the  steam  stills,  constituting  from  65  to 
75  per  cent  of  the  crude  oil  charged,  are  treated  at  the  rate  of  5  to  10 
lbs.  of  66°  commercial  sulphuric  acid  per  barrel,  in  order  to  improve  the 
color  and  odor,  also  to  remove  decomposition  products  which  cause  the 
flame  to  smoke  when  burned  in  lamps.  The  process  is  performed  in 
agitators  in  much  the  same  manner  as  with  naphtha,  only  an  air  bla.-^t 
K  used  for  agitation  instead  of  a  stirring  gear.  In  order  to  get  the  full 
benefit  of  the  acid,  any  water  present  must  first  be  drawn  off,  and  a  small 


|F,„.2;s. 

amount  of  acid  a^ldcfl  in  order  to  remove  all  of  the  remaining  water; 
this  i-i  agitated  for  from  20  to  -JO  minutes,  allowed  to  settle  from  the  oil 
and  then  drawn  off.  The  remaining  acid  is  tlicn  added  and  the  mass 
agitated  for  from  one-half  to  one  liour,  allowed  to  settle  from  3  to  5 
hours,  and  drawn  off.  The  aci<l  treatment  removes  the  tarry  matter 
formed  during  distillation,  also  a  large  percentage  of  the  unsaturated 
hydrocarbons  and  sulphur  compounds.  The  acid  is  turned  almost 
black  after  treatment,  and  is  knonn  as  "  sludge  "  acid.  The  "  sludge  " 
acid  is  allowed  to  settle  from  the  oil  and  is  then  draira  off  into  tanks 
and  delivered  to  the  acid  separating  plant  for  the  recovery  of  the  acid, 
which  will  be  described  later.  After  the  separation  of  the  sludge,  the  oil 
is  washed  thoroughly  with  water,  made  alkaline  with  caustic  soda  of  from 
4  to  10°  B^.  by  agitation,  and  then  wa.-;he<l   with  water  until  neutral; 
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the  wash  water  is  separated  and  the  oil  pumped  into  settling  tanks  where 
it  is  allowed  to  settle  until  bright. 

Sulphur  Content.  Pennsylvania  petroleum  contains  very  little  sulphur 
(.06  to  .082  per  cent),  the  burning  oils  made  from  it  therefore  requiring  no 
further  treatment;  but  when  oils  containing  considerable  sulphur,  such  as 
that  from  Lima,  Ohio,  Texas,  and  Canada,  are  being  refined  a  special  desul- 
phurizing is  necessary  in  order  to  get  rid  of  most  of  the  sulphur  compounds 
which  cause  charring  of  the  lamp  wick,  and  bum  with  a  smoky  flame. 
There  are  many  processes  for  affecting  this,  the  two  best  known  being 
the  ''  litharge  "  and  the  ''  Frasch  "  methods. 

The  litharge  method  consists  of  agitating  the  oil  with  a  solution  of 
litharge  (lead  oxide)  in  caustic  soda;  the  sulphur  is  precipitated  as  a  lead 
sulphide  and  dra^^Ti  off.  Although  this  method  reduces  the  sulphur 
considerably,  it  is  not  as  thorough  as  the  "  Frasch  '*  process,  where  the 
oil  is  heated  with  finely  divided  copper,  or  copper  oxide  in  "  sweetening  ** 
stills  provided  with  heavy  stirring  gears.  The  copper  sulphide  formed 
is  afterwards  roasted  in  order  to  remove  the  sulphur  and  the  resulting 
copper  oxide  used  for  the  next  treatment. 

The  residue  (E)  from  the  original  distillation  of  the  crude  oil  (10  to 
12  per  cent)  is  known  as  tar.  It  is  from  21  to  22°  B^.,  very  dark  in 
color  and  contains  the  paraffin  lubricating  oil  and  wax. 

Lubricating  Oils.  In  order  to  manufacture  the  lubricating  oils  known  in 
the  trade  as  **  paraffin  oils,**  the  tar  is  first  distilled  destructively  in  stills  of 
practically  the  same  type  as  the  **  crude  .stills,"  only  they  are  smaller  in 
capacity  (250  to  500  barrels).  The  process  is  continued  until  everything 
has  passed  over  except  the  coke  formed  by  the  destructive  distillation. 
At  the  latter  part  of  the  distillation,  just  before  the  still  has  "  coked," 
a  yellow,  sticky,  semi-asphaltic  product  passes  over  which  is  known  as 
*'  wax  tailings;"  on  analysis  this  has  l)een  found  to  contain  anthracene, 
chrysene,  and  other  products  formed  by  the  **  cracking  "  process.  The 
bottoms  of  the  stills  often  get  red  hot  during  the  coking  period.  The 
coke  resembles  gas  coke  in  appearance,  but  is  more  fragile.  The  yield 
from  tar  averages  from  10  to  12  per  cent,  or  about  1  per  cent  from  the 
crude  oil,  and  on  account  of  its  purity  is  used  principally  for  making  electric 
light  and  battery  carbons,  and  also  to  some  extent  in  metallurgical  processes. 
The  distillate  from  tar  known  as  paraffin,  or  unpressed  tar  dis- 
tillate (Fraction  F),  is  yellow  in  color  and  contains  the  wax  and  paraffin 
lubricating  oils.  It  has  a  gravity  of  30°  B6.  (.875  sp.  gr.),  and  a  solidifying 
point  of  about  70°  F.  due  to  the  solid  paraffins  present.  It  is  treated 
with  66°  Be.  commercial  sulphuric  acid  at  the  rate  of  8  to  10  lbs.  per 
barrel  in  the  same  manner  as  the  treating  of  burning  oils,  the  agitator 
in  this  case  being  heated  by  a  steam  jacket  in  order  to  keep  the  paraffin 
distillate  liquid.  After  treatment  it  is  delivered  to  the  pressing  plant, 
where  it  is  chilled  down  to  from  20^  to  24°  F.  in  steel  shells  containing 
stirring  gears  called  *'  coolers  "  provided  with  jackets  through  which  cold 
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brine  is  circulated.  A  refrigerating  plant  is  therefore  necessary  when 
refining  crude  oils  containing  solid  paraffins.  When  the  proper  tem- 
perature (20*^  to  24°  F.)  is  reached,  it  is  pumped  to  a  filter  press,  Fig.  276, 
which  is  provided  with  plates  covered  with  canvas;  the  oil  passes  through 
and  drains  off,  and  the  wax  is  held  by  the  canvas.  The  oil  thus  expressed 
is  known  as  pressed  tar  distillate  (Fraction  G),  and  the  wax  separated, 
containing  considerable  oil  (30  to  40  per  cent),  known  as  "  slack  wax.'' 
is  removed  from  the  canvas  covered  plates,^  by  scraping  with  "spuds/' 
w^hen  it  is  carried  by  means  of  conveyors  under  the  press  to  the  "  slack 
wax  '*  tank. 

The  pressed  tar  distillate  has  a  cold  test  (solidifying  point)  of  20°  to 
25°  F.,  and  is  used  for  making  all  of  the  paraffin  lubricating  oils.  It  is 
charged  into  the  '^  reducing  stills,^'  which  are  the  same  type  as  the  crude 
stills,  but  smaller  in  capacity  (about  300  to  500  barrels);  and  the  upper 
halves,  instead  of  being  exposed,  are  bricked  in.  Here  it  is  *^  steam 
reduced  '*  according  to  the  test  desired,  by  firing  underneath  and  at 
the  same  time  introducing  steam  into  the  body  of  the  oil  b}'  means  of 
a  perforated  coil  placed  inside  on  the  bottom  of  the  still.  In  making 
high  viscosity  oils  the  distillation  would  naturally  be  carried  further 
than  when  making  low  viscosity  oils — as  the  viscosity  increases  with  the 
boiling  point  in  the  same  homologous  series  of  hydrocarbons.  The  first 
fraction,  separated  at  36**  B6.  (.8433  sp.  gr.),  is  put  into  the  low  test 
burning  oil  fraction;  the  second  fraction  down  to  32.5°  B^.  (.8615  sp.  gr.), 
being  too  high  in  specific  gravity  for  burning  oils,  and  having  practically 
no  value  as  lubricating  oil,  is  separated  for  **  fuel  oil."  The  third  fraction, 
cut  at  28°  BL  (.886  sp.  gr.),  is  used  for  making  low  viscosity  lubricating 
oils,  as  described  by  chart,  and  the  fourth  for  medium  lubricating  oils. 
The  residue,  which  is  heav\'  lubricating  oil  stock  of  dark  color,  is  pumped 
out  of  the  still  through  a  coil  of  cast-iron  pipe  set  in  water  called  a 
cooler,  in  order  to  prevent  oxidation  when  exposed  to  the  air.  The  cool 
oil  is  treated  with  from  20  to  50  lbs.  of  conmiercial  66°  B6.^  sulphuric 
acid  per  barrel  in  an  agitator  of  from  200  to  1000  barrels  capacity  in  the 
same  manner  as  described  under  burning  oils,  except  that  the  agitation 
is  kept  on  longer — one  to  two  hours — and  it  takes  longer  for  the  sludge 
acid  to  settle — four  to  six  hours.  Fig.  277  shows  the  sludge  being  drawn 
from  a  500  barrel  agitator.  The  amoimt  of  acid  used  in  treating  depends 
on  the  color  desired  on  the  finished  oil. 

After  drawing  off  the  sludge,  the  oil  is  transferred  to  a  "  lye  "  agitator, 
where  most  of  the  remaining  acid  is  washed  out  by  agitation  wath  water. 
It  is  then  agitated  with  caustic  soda  of  from  1  to  6°  B6.  until  a  distinct 
alkaline  reaction  with  phenolphthalein  is  obtained.  The  "  lye "  con- 
taining sulpho-compounds,  formed  by  the   acid  treatment,  is  drawn  off, 

*  The  canvas  covers  of  the  plates  are  usually  spoken  of  as  "  bags,"  although  the 
term  seems  misleading. 

s  Beaum6  scale  for  liquids  heavier  than  water. 
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and  the  oil  washed  well  again  with  wat*r,  and  finally  with  hot  water,  until 
a  neutral  reaction  is  obtained.  The  water  is  separated  and  the  oil 
transferred  to  shallow  tanks,  where  it  is  wanned  to  150°  to  160°  F.  by 
olosed  steam  coils,  and  air  blown  up  through  it  from  a  perforated  coil 
until  all  the  moisture  is  removed,  leaving  the  oil  clear  and  bright  and 
ready  for  the  market. 

The  "  sludge  "  acid  from  the  lubricating  oils  ia  black,  asph^tic  in 
nature,  and  very  viscous,  almost  a  solid  mass.  It,  with  the  sludge  from 
the  burning  oils,  is  agitated  with  water  in  a  lead-lined  separator;  the 
weak  acid  recovered  js  concentrated  in  lead  pans  and  finally  in  stills 


Fig.  277. 

of  cast  iron  to  60°  B<5.  and  is  then  used  over  again.     The  residue  is  used 
for  fuel,  or  worked  into  pitch. 

Paraffin  Wax,  The  slack  wax  expresse<l  from  the  tar  distillate  usualh- 
contains  from  30  to  40  per  cent  of  oil,  which  is  gotten  rid  of  by  one  of  the 
following  methods:  it  may  be  mixed  with  naphtha  and  cooled  until  the  wax 
frystalizes  out,  and  then  refilter  i>resHed;  or  it  may  t>e  removed  by  the 
jiroeess  known  as  sweating.  The  "  sweaters  "  consist  of  tiers  of  pans 
arranged  in  rooms,  as  sliown  in  Fig.  278;  the  rooms  are  heated  by  steam 
coils,  each  room  being  known  as  an  oven.  The  pans  arc  first  filled  with 
water  to  the  level  of  a  wire  screen  at  A  and  the  melted  wax  is  charged 
in  until  the  pans  are  full,  after  which  coid  wat^r  is  circulated  through 
coil  B  until  the  wax  solidifies.  The  water  is  then  drawn  off  from  under- 
neath the  solid  cakes  of  wax  b\-  valve  C  and  warm  water  circulated 
through  coil  B  an<l  the   rooms   also   heated  by  steam  coils.     The  heat 
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causes  the  oil  to  sweat  out  of  the  wax,  and  it  drains  off  and  runs  into  a 
tank.  The  oil,  or  "  foots,"  thus  separated,  containing  some  soft  wax, 
is  filter  pressetl  and  worked  up  the  same  as  the  unpressed  tar  distillate. 
The  sweated  wax  remaining  in  the  pans  is  melted,  drawn  off,  and  delivered 
to  the  filtering  plant,  where  it  passes  through  bone  black  or  fuller's  earth 
contained  in  long  cylindrical  tanks  called  filters  in  rooms  heated  from 
130'  to  180^  F.  This  operation  removes  practically  all  of  the  color. 
It  is  then  molded  into  cakes  either  in  pans  or  between  hollow  plat«s  cooled 
by  the  circulation  of  water  in  apparatus  shown  in  Fig.  279,  known  as  the 
"  Gray  Wax  Caking  Machine."  ' 


The  Steam  Distillation.  Spindle  oils  and  cylinder  stocks.  In  making 
special  high-grade  lubricating  oils,  the  distillation  of  the  crude  oil  is 
carried  on  in  the  same  manner  as  the  destructive  distillation  until  just 
Ix'fore  the  "  cracking  "  point  is  reachetl,  when  steam  is  introduce*!  a.s 
iM'fore  mentioned;  by  thi.s  method  decomposition  is  practically  prevented. 
The  yield  of  burning  oil  is  therefore  much  lower  and  lubricating  oil  much 
higher.  The  distillation  is  carried  on  until  about  15  to  18  per  cent 
n-mains  in  the  still.  The  reduce<l  .stock,  known  as  steam  refined  cylinder 
stock,  is  pumped  out  through  a  cooler. 

The  steam  refined  cylinder  stocks  are  sometimes  further  refined  by 

'  Patented  by  A.  McD.  Gray  (built  by  S.  L.  Moore  &  Sons  of  Elisabeth,  N.  J.).     , 
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filtration  throUfiih  bone  black  or  fuller's  oarth  and  arc  then  known  as 
filtered  cylinder  oils.  Cjlinder  oils  '  are  recc^nized  hy  their  hij;h  flash 
point  and  viscosity. 

After  the  burning  oil  fraction  has  been  separatj^l,  the  rest  of  the 
<hstillate,  passing  ovor  during  the  distillation,  is  called  "  «pindle  dis- 
tillate." It  contains  considerable  wax,  which  is  removed  by  filter  pressing 
in  exactly  the  same  manner  a.s  with  the  unpresse<l  tar  distillate.  The 
pn'ssed  spindle  <listillate  is  reduced  in  the  same  manner  as  the  paraffin 
oils,  except  that  the  reduced  spindle  oil  stock,  instead  of  being  treated 
with  acid  is  filtered  through  bone  black,  or  fuller's  earth,  containcil  in 
cylindrical  filters  of  al>out  15  to  20  tons  capacity.  The  fuller's  earth 
removes  the  asphaltic  matter,  and  impro\es  the  color  of  the  oil.  The 
first  oil  running  through  the  filter  is  ahnost  colorless;  but  as  the  fullers 


earth  "  adiorbs  "  the  asphaltic  matter,  it  s«mn  los"s  in  deciiiorixing  value 
and  the  oil  runs  darker  until  it  reaches  a  point  where  it  is  not  practical 
to  filter  any  longer,  when  the  operation  is  stopped.  The  oil  held  by  the 
fuller's  earth  is  washed  out  by  allowing  naphtha  to  filter  through  it,  and 
the  naphtha  remaining  in  the  filter  is  collected  by  steaming  it  out  with 
an  open  steam  jet,  and  running  it  through  a  condenser,  The  oil  washo<l 
out  by  the  naphtha  is  separated  by  distillation,  and  the  fuller's  earth  is 
heated  in  a  retort  nearly  to  redness  in  order  to  dry  it  and  bum  off  the 
asi>haltic  matter,  when  it  is  used  over  again. 

Vaseline  and  "  petrolatum  "  are  reducetl  stocks  made  from  selected 
crude  oi!  by  careful  reduction  and  subsc<juent  filtration  through  fuller's 
earth,  or  bone  black. 

'  The  problem  of  the  luhricntion  of  ftas  engine  cylindpre  has  created  a  new  claas 
of  eylinflcr  oils,  which  are  ma<h'  fnim  l.hc  Ml^am  iHhI  jllutc  (heavy  dustUIate),  from  stetinl 
distillation  and  arc  of  lower  vidcosit y  and  fire  teat. 
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Aspbaltic  Base  Crude  Petroleum.  The  refining  of  asphaltic  base 
crude  oil  is  substantially  the  same  as  described  in  the  preceding  methods, 
excepting  the  residue,  which,  instead  of  being  tar,  or  cylinder  stock,  is 
asphalt.  The  burning  oils  are  not  of  such  good  quality,  a  larger  per- 
centage of  fuel  oil  is  obtained,  and  the  lubricating  oils  are  of  higher 
specific  gravity  and  lower  flash  than  those  made  from  the  paraffin  base 
petroleum. 

Natural  Gas.  Although  natural  gas  always  accompanies  crude  petro- 
leum, it  is  often  found  independently.  It  consists  principally  of  gaseous 
members  of  the  paraffin  series,  of  hydrocarbons,  but  contains  small 
percentages  of  olefins,*  nitrogen,  carbon  dioxide,  and  sometimes  oxygea 
and  hydrogen. 

Natural  gas  is  used  principally  for  illuminating  and  fuel  purposes^ 
also  to  some  extent  in  the  manufacture  of  lampblack. 

Shale  Oil.  In  Scotland,  and  to  a  small  extent  in  other  countries^ 
paraffin  oils  are  ol)tained  by  the  destructive  distillation  of  bituminous 
shale.  The  formation  of  the  oil  is  dependent  on  the  decomposition  of 
the  organic  matter  present. 

Shale  vari(\s  in  color  from  dark  gray  to  almost  l)lack,  the  products 
obtained  being  ammonia  water  (separated  as  a  sulphate),  paraffin  wax, 
paraffin  oils,  })urning  oils,  and  phenols.  The  shale  is  first  reduced  to 
very  small  pieces,  and  then  distilled  continuously  in  circular  vertical 
retorts,  by  charging  in  the  top  through  a  hopper,  and  drawing  the 
exhausted  shale  out  at  the  bottom.  Steam  is  usually  introduced  into  the 
retort.  The  vapors  pass  through  a  condenser,  and  the  crude  shale  oil 
and  ammonia  liquor  are  separated.  The  remaining  gases  are  subjected 
to  a  scrub})ing  process  which  consists  of  passing  the  gas  through  coke 
towers,  where  it  comes  in  contact  with  streams  of  oil  and  water;  the  oil 
absorbs  a  large  portion  of  the  hydrocarbons,  and  the  water  takes  up 
the  ammonia,  the  residual  gas  being  used  for  fuel.  The  compression  proc- 
ess has  also  been  used  for  condensing  the  gases;  by  this  process  the  gas 
is  su})jected  to  low  temperatures,  and  under  a  pressure  of  from  75  to  150 
lbs.  per  s(]uare  inch,  l)ut  this  method  is  said  to  be  more  expensive  than 
the  process  of  scru})bing.  The  crude  shale  oil  ^  is  dark  in  color,  ranging^ 
in  specific  gravity  from  .86  to  .89,  and  having  a  cold  test  of  90°  F.  due  to 
solid  paraffins.  It  is  distilled  })y  either  the  intermittent  or  continuous, 
process  to  coke  in  practically  the  same  manner  as  with  the  tar  from 
crude  petroleum,  except  that  steam  is  introduced  through  perforated 
coils  during  the  distillation  process.  The  treatment  of  the  various  fractions, 
i.e.,  naphtha,  burning  oil,  paraffin  distillate  (containing  the  paraffin  wax) — 
consists  of  a  treatment  with  sulphuric  acid  and  alkali  in  the  same  manner 
as  with  petroleum;  the  alkali  in  this  case,  in  addition  to  neutralizing 
the  acid,  removes  the  phenols  which  have  been  formed  during  the  first 

'  University  Geol.  Survey  of  Kansas,  Vol.  IX. 
•  Redwood,  "  Petroleum  and  its  Pro<iucts." 
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distillation.  The  phenols  arc  liberated  ^  from  the  waste  "  lye "  by 
passing  carbon  dioxide  through  it. 

Ozokerite.  Ozokerite,  or  earth  wax,  is,  as  the  name  implies,  a  wax- 
like substance  found  in  small  quantities  throughout  the  world,  usually 
associated  with  rock  salt  or  gypsum.  The  principal  deposit  occurs 
in  the  neighborhood  of  Boryslaw,  in  Galicia.  It  consists  largely 
of  solid  parafiin  hydrocarbons,  and  is  supposed  to  have  resulted 
from  the  evaporation  and  decomposition  of  crude  i>etroleum.  Like 
petroleum,  it  is  found  in  different  ages,  but  principally  in  the 
Tertiary  and  the  Cretaceous.  The  appearance  and  physical  char- 
acter vary,  some  grades  being  soft  and  others  brittle,  and  the  color 
ranges  from  yellow  to  black.  The  specific  gravity  averages  from  .85 
to  .89  and  the  melting  point  ^  from  130°  to  156°  C.  The  Galician  ozokerite 
is  mined  by  sinking  a  shaft  and  then  following  the  vein.  Thus  mined, 
it  often  contains  much  earthy  matter.  The  purest  pieces  are  first  sep- 
arated by  hand  picking,  and  the  remainder  is  dumped  into  tanks  of  cold 
water;  the  purer  ozokerite  rises  to  the  surface  and  is  skimmed  off,  and 
the  earthy  matter,  containing  some  ozokerite,  sinks  to  the  bottom.  This 
residue  is  then  heated  in  boiling  water,  when  practically  all  of  the  ozokerite 
rises  to  the  surface  and  is  separated.  The  earth  is  finally  extracted  with 
naphtha,  thereby  dissolving  the  last  traces  of  ozokerite.  Ceresin,  or 
refined  ozokerite,  is  used  largely  as  a  substitute  for  beeswax,  and  is 
prepared  by  treating  with  sulphuric  acid,  washing  with  water,  and  neu- 
tralizing with  caustic  soda,  as  described  under  i>etroleum  refining,  and 
subsequent  filtration  through  bone-black  or  fuller's  earth.  It  varies  in 
color  from  white  to  yellow,  according  to  the  degree  of  refining.  Ozokerite 
is  sometimes  distilled  and  worked  up  for  paraffin  wax. 

Asphalt.  The  name  asphalt  is  generally  applied  to  that  cla.ss  of 
bitumens  foimd  naturally  in  the  earth  in  various  parts  of  the  world. 
It  consists  principally  of  compounds  of  carbon  and  hydrogen,  also  com- 
pounds containing  nitrogen,  oxygen,  and  sulphur  and  some  mineral  matter, 
and  is  considered  to  have  resulted  from  crude  petroleum.  Asphalt  is 
black  in  color,  and  melts  easily  on  the  application  of  heat.  It  is  partly 
soluble  in  petroleum  spirit  and  completely  soluble  in  carbon  disulphide, 
the  part  soluble  in  petroleum  spirit  being  designated  "  petrolene,"  and 
the  part  soluble  in  carbon  disulphide,  *'  susphaltene."  The  principal 
uses  are  for  street  paving,  weather-proofing,  paints  and  japans.  The 
most  important  production  is  from  "  Pitch  Lake,"  on  the  island  of 
Trinidad,  which  is  135  ^  feet  deep  at  the  center  and  originally  covered 
an  area  of  approximately  127  acres,  and  is  estimated  to  contain  several 
million  tons  of  asphalt. 

*  "  Mineral  Oils  and  their  By-products,"  I.  I.  Redwood. 

2  Redwood,  ^*  Petroleum  and  its  Products.'^ 

'  Report  of  the  Inspector  of  Asphalt  and  Cements.     Eng.  Dept.  District  of  Columbia, 

1892. 
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The  crude  lake  asphalt^  according  to  Clifford  Richardson/  contains 
the  following  constituents; 

Water  and  gas 29.0% 

Organic  matter  not  bitumen 7.0 

Mineral  matter 25.0 

Bitumen 39.0 


100.09? 


The  method  of  refining  consists  of  melting  and  removing  the  mineral 
matter  which  subsides.  The  composition  of  the  refined  Trinidad  Lake 
Asphalt  is  given  as  follows: 

Bitumen  (soluble  in  carbon  disulphide) ...    56 .  4^ 

Organic  matter,  not  bitumen 6.7 

Mineral  matter 36 . 9 


100.0% 


The  asphalt  residues  from  crude  petroleum  so  closely  resemble  the 
natural  asphalts  that  they  cannot  be  distinguished  with  certainty. 
Petroleum  asphalts  are  used  principally  for  weather-proofing. 

Other  deposits  occur  in  California,  Utah,  Mexico,  Venezuela,  Cuba, 
France,  Switzerland,  and  Germany. 

Method  of  Testing 

Crude  Petroleum.  The  New  York  Produce  Exchange  defines  crude 
petroleum  as  follows:  '*  Crude  petroleum  shall  be  imderstood  to  be  a 
pure  natural  oil,  neither  steamed  nor  treated,  free  from  water,  sediment, 
or  other  adulteration,  of  the  gravity  of  43°  to  48°  B6."  Since  the  produc- 
tion of  the  lower  Baum6  gravity  oils,  the  limitations  in  regard  to  gravity 
have  been  relaxed. 

In  order  to  ascertain  whether  or  not  the  petroleum  conforms  to  the 
above  rule,  it  is  distilled  in  10  per  cent  fractions,  and  the  Baum^  gravity 
determined  on  each  fraction.  It  is  obvious  that,  from  the  complexity  of 
crude  petroleum,  each  succeeding  fraction  would  show  a  somewhat  regular 
gradation  in  specific  gravity,  whereas,  in  cases  of  adulteration,  it  would 
be  more  or  less  irregular. 

In  order  to  ascertain  the  commercial  value  of  crude  petroleum,  Dr. 
p]ngler  recommends  the  distillation  of  100  c.c.  ^rom  a  distillation  flask 
of  the  dimensions  in  cubic  centimeters  shown  in  Fig.  280.  The  distilla- 
tion is  controlled  so  that  from  2  to  2i  c.c.  of  distillate  pass  over  per 
minute,  heat  being  applied  by  means  of  a  Bunsen  burner.  At  the  beginning 
of  the  distillation  a  piece  of  wire  gauze  is  interposed  between  the  flame 

*  *'  The  Modern  Asphalt  Pavement,"  C.  Richardson. 
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and  the  flask,  but  finally  the  naked  flame  is  used.  As  soon  as  the  tem- 
perature reaches  150°  (\,  the  burner  is  removed  until  the  temperature 
falls  20°.  It  is  then  reheated  to  150°  C\,  and  the  cooling  and  heating 
process  continued  until  no  more  distillate  pa*es  over.  This  fraction 
is  classed  as  naphtha.  The  distillation  is  then  continued  until  300° 
C*  is  reached,  when  the  temperature  is  allowed  tQ.drop  as  before.  This 
fraction  is  separated  as  illuminating  oil,  the  residue  representing  the 
lubricating  oil. 

In  Dr.  Ubbelohde*s  modification  of  the  Engler  method,  the  condenser 
tube  is  bent  vertical  at  the  end  farthest  from  the  flask  in  order  to  drop 
the  distillate  into  one  or  another  of  a  series 
of  graduated   test    tubes    contained    in    a  '      ^  ^ 

holder.  The  temperature  at  which  the  first 
drop  of  distillate  runs  into  the  test  tube  is 
taken  as  the  beginning  of  l)oiling.  The 
distillation  is  then  continued  at  two  drops 


1 


Fig.  280. 


Fio.  281. 


per  second  up  to  300°  C,  the  fraction  up  to   150°  C.   l)eing  taken  as 
naphtha,  and  from  150  to  300°  C  as  burning  oil. 

In  order  to  determine  roughly  the  yield  of  products  likely  to  be  obtaini'd 
in  actual  refining,  the  author  recommends  the  distillation  of  from  two 
to  four  liters  of  the  crude  oil.  A  convenient  form  of  still  is  shown  in 
Fig.  281.  The  distillation  is  carried  to  coke  and  controlled  so  that  from 
5  to  10  c.c.  of  distillate  pass  over  per  minute,  it  being  separated  in  one 
per  cent  fractions,  and  the  Baume  gravity  determined  on  each  fraction. 
All  of  the  fractions  over  58°  B^.  are  added  together  for  the  naphtha  frac- 

*  When  distilling  petroleum  mmle  up  largely  of  the  naphthene  hydrocarbons,  the 
burning  oil  is  soparated  at  285°  C.  instead  of  300°  C. 


THE  PETROLEUM  INDUSTRY  323 

tion,  those  between  58°  and  36°  B^.  for  the  burning  oils,  and  the  distil- 
late passing  over,  below  36°  as  lubricating  distillate,  the  residue  being  coke. 

Sulphur.  Since  the  illuminating  oils  made  from  crude  petroleum  of 
high  sulphur  content  require  special  treatment,  it  is  desirable,  in  estimating 
the  value  of  crude  petroleum,  to  know  the  percentage  of  sulphur  it  carries. 
The  method  of  Mr.  C.  I.  Rol)inson  is  the  quickest  and  simplest  method 
known  to  the  writer.  It  is  described  ^  as  follows:  ''  (1)  A  dilute  aqueous 
solution  of  tropffiolin,  00.  (2)  A  solution  of  sulphuric  acid,  1  c.c  equal 
to  0.001  grams  of  sulphur.  (3)  A  solution  of  sodium  carbonate  equivalent 
to  the  sulphuric  acid.  About  5  or  6  c.c.  of  the  oil  to  be  examined  are  poured 
into  the  Erlenmeyer  flask  A,  Fig.  282,  which  is  about  15  or  20  c.c.  capacity, 
and  contains  a  wick  pa.ssed  through  a  gla.ss 
tube  which  is  held  in  place  by  a  cork.  The 
flask  with  the  wick  is  then  weighed,  the  second 
decimal  place  being  sufficiently  accurate.  It  is 
then  placed  under  the  small  tube  T,  which  is 
connected  with  the  absorption  apparatus  Z), 
one  limb  of  which  contains  glass  beads,^  and  yj^,  282. 

into  which  5  c.c.  of  i:he  standard  alkali  solu- 
tion has  been  run.  D  is  connected  with  suction.  When  the  apparatus 
is  all  in  place,  the  suction  is  turned  on,  and  the  wick  B  is  lighted.  The 
suction  draws  all  the  products  of  combustion  through  D.  The  *S  contained 
in  the  oil  is  all  burned  to  SO2  and  SOa,  and  is  al)sorbed  by  the  sodium 
carbonate  solution.  The  oil  is  allowed  to  burn  about  thirty  minutes — 
until  2  or  3  grams  are  consumed.  The  tube  C  is  rinsed  into  Z),  a  few  drop» 
of  tropieolin  added,  and  the  excess  of  sodium  carbonate  titrated  with 
the  standard  sulphuric  acid,  and  the  amount  of  sulphur  calculated." 

Specific  Gravity.  The  Baum^  hydrometer  is  in  general  commercial 
use  in  this  country  for  determining  the  '*  gravit}';  "  but,  in  cases  where 
extreme*  accuracy  is  required,  the  pynknometer  should  be  used.  The 
Westphal  balance  is  sometimes  found  convenient  to  use  instead  of  the 
hydrometer. 

Water  and  B.  S.  are  determined  by  mixing  the  crude  petroleum  with 
naphtha,  half  and  half,  in  a  100  c.c.  cylinder  tapered  at  the  l)ottom  and 
graduated  in  tenths,  and  allowing  the  mixture  to  stand  for  twenty-four 
hours.  The  water  and  B.  S.  settle  to  the  bottom,  and  are  reported  col- 
lectively.    A  centrifuge  is  sometimes  used  for  forcing  the  separation. 

Illuminating  Oils.  The  specific  gravity  and  sulphur  are  determined 
as  in  the  case  of  crude  oils. 

Color,     Redwood  recommends    the    use  of  Stannner\s  chromometer, 

^  The  rapid  method  for  the  estimation  of  sulphur  in  crude  petroleum  and  illuminating 
oils,  Proc.  Va.  Chemists  Club,  Vol.  I,  p.  53,  1908.  C.  A.,  Vol.  Ill,  p.  115,  and  Vol.  Ill, 
p.  2627. 

2  Mr.  Robinson  advises  using  broken  glass  ro<ls  insteail  of  beads,  the  latter  being 
usually  made  of  soft  glass  so  soluble  in  water  as  to  increa.se  the  alkaHnity  of  the  solution 
to  the  extent  of  rendering  the  determination  worthless. 
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which  consists  of  two  cj'linders  closed  at  the  ends  with  glass.  By 
means  of  a  mirror,  light  is  reflected  upward  through  the  cylinders, 
and  the  optical  arrangement  at  the  top  contains  prisms  allowing 
both  colmnns  to  be  observed  through  one  eye  piece  on  a  circular  field 
divided  in  the  center.  The  graduated  cylinder  is  filled  with  oil  to  be 
tested,  and  a  glass  disk  of  standard  color  interposed  between  the  mirror 
and  the  eye  piece  of  the  other  cylinder.  The  wheel  lowers  the  small 
cylinders  until  the  divisions  on  the  field  of  the  eye  piece  are  of  the  same 
color.  The  color  of  the  different  grades  of  burning  oils  on  the  market 
are  as  follows: 

Water  white 

Standard  white    40    Stammer's  chromometer 

Prime  white         50 

Superfine  white  190  *' 

Flashing  Point  and  Fire  Test.  The  instrument?  used  for  these  tests 
are  of  two  types — viz.,  the  open  and  closed  cups.  The  Tagliabue  and 
Saybolt  open  cups  and  the  Al)el  closed  cup  are  among  those  generally 
used.  The  Tagliabue  cup  consists  of  a  glass  -cup  supported  in  a 
copper  bath,  and  heated  by  a  spirit  lamp.  The  cup  is  filled  with  the 
oil  to  be  tested,  a  thermometer  placed  in  it  so  that  the  bulb  is  covered, 
and  the  oil  heated  slowly,  the  flashing  point  being  determined  by  passing 
a  small  flame  over  the  surface  of  the  oil  until  the  vapor  given  off  flashes 
momentarily.  The  heating  is  then  continued  until  the  oil  ignites  and 
burns,  which  temperature  is  taken  as  the  fire  test. 

The  Saybolt  electric  tester,  which  has  been  adopted  by  the  New 
York  Produce  Exchange,  is  of  similar  construction,  but  the  flash  is 
tested  by  passing  a  spark  from  an  induction  coil  between  two  platinum 
wires  placed  over  the  oil.  The  water  is  heated  to  100°  F.,  then  the  flame 
removed  and  the  cup  filled  with  oil  and  placed  in  the  bath.  A  spark 
is  passed  for  every  rise  of  one  degree,  and  when  the  oil  has  reached  90° 
F.  it  is  necessary  to  heat  again.  After  the  oil  has  flashed,  the  sparks  are 
passed  at  temperatures  as  follows:  "In  110  (fire  test)  and  upwards  the 
flashing  point  after  the  first  flash  (which  generally  occur  between  90°  and 
95°)  shall  be  taken  at  95°,  100°,  104°,  108°,  110°,  112°,  115°.  In  a  120° 
and  upwards,  after  the  first  flash,  100°,  105°,  110°,  115°,  118°,  122°,  125°. 
In  a  130°  and  upwards  every  5°  until  the  burning  point  is  reached." 

The  open  test  method  is  affected  by  drafts,  and  is  variable.  For  this 
reason  the  closed  test  cup  was  introduced. 

The  Abel  apparatus,  adopted  by  England,  is  described  in  the 
petroleum  act  of  August  11th,  1879,  as  follows:  "The  oil  cup  con- 
sists of  a  cylindrical  vessel  2  ins.  in  diameter,  2.2  ins.  in  height, 
(internal),  with  outward  projecting  rim  0.5  in.  wide,  i  in.  from  the 
top,  and  li  ins.  from  the  bottom  of  the  cup.  It  is  made  of  gunmetal  or  brass 
17  B.W.G.,  tinned  inside.     A  bracket,  consisting  of  a  short,  stout  piece  of 
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wire  bent  upwards  and  terminating  in  a  point,  is  fixed  to  the  inside  of  the 
cup  to  serve  as  a  gauge.  The  distance  of  the  point  from  the  bottom  of 
the  cup  is  li  ins.  The  cup  is  provided  with  a  close-fitting,  overlapping 
cover,  made  of  brass  (22  B.W.G.),  which  carries  a  thermometer  and  test 
lamp.  The  latter  is  suspended  from  two  supports  by  means  of  trunnions, 
upon  which  it  may  be  made  to  oscillate;  it  is  provided  with  a  spout,  the 
mouth  of  which  is  ^  in.  diameter.  The  socket  which  is  to  hold  the 
thermometer  is  fixed  at  such  an  angle,  and  its  length  is  so  adjusted,  that 
the  bulb  of  the  thermometer,  when  inserted  to  its  full  depth,  shall  be  Ij- 
ins.  below  the  center  of  the  lid." 

'*  The  cover  is  provided  with  three  square  holes,  one  in  the  center, 
0.5  ins.  by  0.4  ins.,  two  smaller  ones,  0.3  ins.  by  0.2  ins.,  closed  to  the 
sides  and  opposite  to  each  otlier.  These  holes  may  be  closed  and  uncov- 
ered by  means  of  a  slide  moving  in  grooves  and  having  perforations  corre- 
spondinj^  to  those  on  the  lid.  In  moving  the  slide  so  as  to  uncover  the 
holes,  the  oscillating  lamp  is  caught  by  a  pin  fixed  in  the  slide  and  tilted 
in  such  a  way  as  to  bring  the  end  of  the  spout  just  below  the  surface  of 
the  lid.  Upon  the  slide  being  pushed  back  so  as  to  cover  the  holes,  the 
lamp  returns  to  its  original  position.  Upon  the  cover,  in  front  of  and  in 
line  with  the  mouth  of  the  lamp,  is  fixed  a  white  bead,  the  dimensions  of 
which  represent  the  size  of  the  test  flame  to  be  used." 

"  The  heating  vessel  or  water  bath  is  filled  by  pouring  water  into  the 
funnel  until  it  begins  to  flow  out  of  the  spout  of  the  vessel.  The  temper- 
ature of  the  water  at  the  commencement  of  the  test  is  to  be  130**  F.  The 
bath,  having  been  raised  to  the  proper  temperature,  the  oil  to  be  tested  is 
introduced  into  the  petroleum  cup,  being  poured  slowly  until  the  level 
of  the  liquid  just  reaches  the  point  of  the  gauge  fixed  in  the  cup. 
The  results  obtained  with  this  cup  show  on  the  average  about  27**  F. 
lower  than  the  open  cup.  Details  of  the  operation  of  the  instrument  are 
given  by  Redwood  in  ^*  Petroleum  and  its  Products,"  Vol.  II. 

Lamp  Tests.  The  usual  practice  is  to  burn  samples  of  the  oil  in 
lamps  of  ordinary  construction  for  from  five  to  twenty-four  hours,  observ- 
ing the  diminution  of  the  flame  and  the  incrustation  of  the  wick. 

Lubricating  Oils.  In  this  countrj-  the  fire  test  is  generally  determined 
by  means  of  the  Cleveland  cup.  The  method  is  substantially  the  same  as 
with  the  burning  oils,  with  the  exception  that  the  oil  is  heated  at  the  rate 
of  10°  per  minute,  and  the  flashing  point  tested  with  a  small  bead  flame 
for  every  rise  of  5°.  The  fire  test  is,  as  a  rule,  from  60  to  80°  higher  than 
the  flash  point.  As  the  open  cup  tests  are  easily  affected  by  drafts,  they 
are  subject  to  errors  of  5°. 

Closed  Test.  The  Pensky-Martin  cup  is  generally  used  for  this  test.  It  is 
similar  in  construction  to  the  Abel  cup,  and  contains  a  stirring  apparatus 
by  means  of  which  a  uniform  temperature  of  the  oil  may  be  obtained. 
The  results  obtained  b\'  this  instrument  are,  as  a  rule,  close  to  those 
obtained  by  the  open  cup,  but  are  not  subject  to  errors  of  the  open  cup. 
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Cold  Test  (Setting  Point),  As  the  solid  paraffins  are  poor  lubricant .<, 
oils  of  low  cold  tost  are  de^sirabU*.  The  method  commonly  used  may  be 
described  briefly  as  follows:  In  an  ordinary  4-oz.  sample  bottle,  about 
one-third  full  of  the  oil  to  be  tested,  the  bulb  of  a  thermometer,  which 
passes  through  a  cork  in  the  neck  of  the  bottle,  is  just  immersed  in  the  oil. 
The  sample  is  cooled  slowly  to  50°  F.  and  then  subjected  to  a  freezing 
mixture  of  ice  and  salt.  The  bottle  is  removed  for  every  few  degre(*s 
drop  in  temperature  and  tilted  to  see  if  the  oil  is  still  liquid,  the  temper- 
ature at  which  it  just  ceases  to  flow  being  taken  as  the  cold  test  or  settiniij 
point.  If  the  conditions  of  this  method  are  carefully  followed,  the  results 
should  check  within  1°  or  2**.  In  the  case  of  reduced  stocks  which  have 
not  been  treated  either  by  acid  or  filtration  through  fuller's  earth  or  bone- 
black,  the  cold  test  is  unreliable,  as  the  tarry  matter  present  in  these  oils 
seems  to  hold  the  wax  in  solution.  For  illustration,  some  reduced  stocks 
which  show  a  cold  test  of  30**  F.  before  filtration  through  fuller's  earth 
or  boneblack  are  solid  at  ordinary  temperature  after  filtration.  In  tlu* 
case  of  oils  having  cold  tests  higher  than  45°  F.  it  is  customary  to  reverse 
the  process — that  is,  freezing  the  sample  solid,  first,  to  about  20°  F.  lower 
than  the  point  at  w^hich  it  congeals,  and  then  gradually  warming  in  wat(T 
until  on  tilting  it  shows  a  perceptible  flow. 

Colcr.  The  color  determination  of  lubricating  oils  is  not  only  impor- 
tant as  a  matter  of  convenience  in  keeping  records,  but  indicates  the  degree 
of  refining  the  oil  has  received.  For  this  purpose  the  Lovibond  tint- 
ometer is  to  be  reconnnended.  This  instrument  is  made  of  wood 
and  divided  longitudinally  by  a  partition,  one  side  to  he  used  for  the 
sample  and  the  other  side,  Mhich  is  slotted,  for  the  standardized  colored 
glasses.  The  oil,  depending  upon  the  depth  of  color,  is  tested  in  cells  from  V 
in.  to  12  ins.  long.  ^>ry  dark  red  oils,  for  instance,  are  tested  in  \  in.  cells, 
the  lighter  color  red  oils  in  2  ins.,  and  pale  oils  in  0  ins.  or  even  12  ins.  cells. 
The  cell,  filled  with  oil,  is  placed  on  one  side  of  the  partition,  and  the 
standard  glasses  in  the  slot  of  the  other  side  until  the  color  is  matcluHl. 

Odor.  The  odor  of  lubricating  oils  should  be  what  is  known  in  the 
trade  as ''  sweet." 

Viscosity.  The  viscosity  or  internal  friction,  sometimes  expressed 
as  the  "  l)ody  "  or  ''  fluidity,"  although  an  arbitrary  test,  is  an  important 
one  in  selecting  a  satisfactory  lubricant.  The  instruments  principally 
used  for  making  this  test  are  of  the  same  general  type,  and  are  known  as 
efflux  viscosimeters,  the  main  diflference  between  the  instruments  being 
in  the  dimensions  of  the  capillary  through  which  the  oil  runs  and  the 
amount  of  oil  used  for  the  test.  Oils  of  low  viscosity,  as,  for  example, 
those  of  the  engine,  machine,  and  spindle  oil  classes,  are  usually  tested  at 
temperatures  ranging  from  60°  to  100°  F.,  and  cylinder  and  other  hijrh 
viscosity  oils  at  210°  to  212°  F.  The  principal  instruments  of  this  type 
are  the  Engler,  Redwood,  Saybolt,  Tagliabue,  and  Universal. 

The  Engler  viscosimeter,  used  in  Germany  and  also  to  a  consider- 
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able  extent  in  thi??  and  other  countries,  oonsifits  of  a  reservoir  A, 
for  the  oil,  enclosed  by  cover  A,  set  in  bath  B.  The  capillary  tube  a  is 
stopped  by  plug  6;  240  c.c  of  the  oil  to  be  tested  are  poured  into  the  reser- 
voir, and  should  be  just  on  a  level  wdth  the  points  of  the  studs  cc.  The 
time  required  for  the  delivery  of  200  c.c.  of  distilled  water  at  20°  C.  from 
a  charge  of  24®  c.c.  should  be  from  51  to  53  seconds.  The  temperature 
is  regulated  by  means  of  a  ring  burner  placed  under  the  oil  bath.  When 
the  proper  temperature  has  been  attained,  the  plug  is  withdrawn  and  the 
outflow  of  200  c.c.  timed  by  a  stop  watch.  The  time  in  seconds  required 
for  the  oil,  divided  by  the  time  in  seconds  for  water  at  200°  C,  is  taken  as 
the  **  specific  viscosity." 

The  results  obtained  by  the  Redwood  ^  instrument  are  compared  with 
rape  oil  as  follows :  The  time  in  seconds  required  for  the  outflow  of  50 
c.c.  of  the  oil  at  60°  F.  is  multiplied  by  100  and  divided  by  535,  which  is 
the  average  number  of  seconds  required  for  rape  oil  under  the  same 
conditions.  The  result  is  multiplied  by  the  specific  gravity  of  the  oil 
and  divided  by  0.915,  the  specific  gravity  of  rape  oil. 

The  Tagliabue,  Sa5'bolt  and  Universal  instruments  are  arbitrary,  the 
results  being  expressed  in  seconds  for  the  efflux  of  about  60  c.c.  of  the  oil. 

Paraffin  Wax.  Melting  Paint.  The  ''  English  test,"  which  is  in  reality 
the  solidifying  point,  is  determined  by  stirring  the  melted  wax  in  a  small 
cup  about  2V  ins.  in  diameter  by  about  2  ins.  deep  until  the  latent  heat 
given  up  by  the  crystallization  of  the  wax  arrests  the  fall  of  the  mercury 
column  momentarily.  The  "  American  test  "  gives  results  about  3°  F. 
higher  than  the  English  test,  and  is  determined  as  follows:  A  hemispher- 
ical cup  3 J  ins.  in  diameter  is  three-quarters  filled  with  melted  wax, 
which  is  allowed  to  cool  without  stirring  until  a  thin  film  forms  on  the 
top,  and  extends  from  the  sides  to  a  thermometer  with  a  round  bulb  i  in.  in 
diameter,  suspended  so  that  it  is  three-quarters  immersed  in  the  center 
of  the  cup.  As  the  American  method  is  slow,  it  is  customary  to  take 
the  English  test  and  add  3°  F.  for  the  American. 

Color,  This  is  determined  b}'  the  Lovibond  instrument,  using  cells 
from  6  ins.  to  24  ins.  in  length,  the  wax  being  melted.  As  with  the  oils,  it 
shows  the  degree  of  refining. 

Odor  and  Taste,  The  odor  and  taste  must  be  absolutely  sweet  in 
the  case  of  refined  wax,  but  the  semi-refined  waxes  usually  have  a  slight 
odor  and  taste  of  light  oil. 

Per  Cent  of  Oil,  The  determination  of  oil  in  scale  and  slack  wax  is 
detennined  by  pressing  a  500-grain  sample,  at  a  temperature  of  60°  F., 
between  pieces  of  muslin  cut  to  fit  the  test  cup.  The  oil  is  absorbed  by 
pieces  of  blotting  paper  placed  above  and  below  the  cloth  containing  the 
wax  in  the  test  cup. 

The  cup  and  plunger  are  cooled  in  water  to  60°  F.  before  putting  in 
the  sample  of  wax,  which  ha,s  also  been  cooled  to  60°  F.     The  lever  press, 

^  Described  in  **  Petroleum  and  its  Products." 
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Fig.  283,  buiit  by  the  S.  L.  Moore  &  Sons  Corp.  of  Elizabeth,  N.  J.,  is  the 
one  in  general  use  in  this  countrj'.  The  test  cup  and  plunger  are  5i  ia«. 
in  diameter,  and  a  pressure  of  nine  tons  on  the  total  surface  is  applied  for 
five  minutes. 

Asphalt.  Ball  and  Ring  Method.  A  number  of  methods  are  in  use 
for  the  determination  of  the  so-called  "  melting  point."  Products  of 
this  class,  however,  on  account  of  their  complex  nature,  do  not  have  a 
true  melting  point.     The  methods  in  general  use  are  as  follows: 

Melting  Poin'.     "  A   i   in.  deep   by   |  in.  diameter  ring  should  be 
level   full   of  solid  asphalt,  with  some  adhering  to  the  top  and  bottom. 
This  can  be  done  best  by  filling  the  ring  rounding  full  with   asphalt, 
cooling  in  cold  water  for   a    few   minutes,   and   then  rutting  off   the 
excess   with    a    hot    knife.     There   must   be   no  air  bubbles  inside  the 
ring.     A  l-m.  steel  bicycle  ball,  weighing  about  5  grams,  is  then  placed  in 
the  center  of  the  a.sphalt  and  the  ring 
hung  on  a  level    vAth    the   mercury 
bulb  of  a  thermometer,  the  point  im- 
mersed  in   a   beaker  of  water.      For 
a-'phalts  melting  below   100"  F.   the 
water  should   be  alwut  40°  F.  at  the 
start:  for  asphalts  melting  below  150° 
F.,    m-lif   F.;  for    asphalt    melting 
p,^  283  -  above   150°   F.,   not   more   than   80° 

F.  The  water  and  beaker  should  be 
h<'ated  10°  F.  per  minute,  and  should  not  vary  more  than  1°  F.  The 
mclling  point  is  the  temperature  where  the  ball  and  pitch  Ix'gin  to  drop 
rapidh'  on  leaving  the  ring,  which  is  usually  al)out  '■  in.  below  the  i>ottoni 
of  I  he  ring. 

The  Kraemer  and  Samow  methoil '  is  similar  to  the  ball  and  ring 
method,  except  that  Ihe  asphalt  is  contained  in  a  6-7  m.m.  open  glas.s  tube, 
and  5  grams  of  mercury  j>laced  on  the  toj>,  (he  tube  being  suspended  in 
water  near  the  bulb  of  a  thernioineter.  The  water  is  heated  until  the 
mercury  drops  through  «ith  the  asphalt. 

.\  recent  electrical  method"  hasbecn<levisedby  Mr.  Herbert  Abraham, 
in  which  the  temiierature  is  raised  by  a  coil  of  resistance  wire  placed  in  the 
bath.  The  coil  is  connected  with  a  rheostat,  by  means  of  which  the 
temperature  can  be  easily  regulated.  The  particular  advantage  of  this 
method  is  the  imiform  rate  at  which  the  asphalt  can  In-  heated. 

Penstrati-jn:  {Considencij  or  AnrrffWM.).  The  instruments  generally 
use<l  are  the  Bowen,  the  Dow,  and  the  New  Yorking  Testing  Laboratory 
Penetrometers,  all  of  which  are  described  by  Mr.  f'Ufford  Richardson  in 
the  "  Modem  Asphalt  Pavement,"     A  sample  of  the  a-sphalt  is  subjected 

'  Chcm.  Iml.  190;l,  26,  (.3),  .'i.l-.iZ. 

'  Dpseribed  by  Mr.  Herbert  Abraham  in  Proceedings  of  American  Society  for 
Testing  Ivli-torjala,  Vol.  IX,  IMS. 
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to  the  impression  of  a  weighted  standard  needle  for  a  specified  time,  at 
a  definite  temperature,  the  penetration  of  the  needle  being  reeorded  on 
a  dial. 

Mr.  Herbert  Abraham,  in  the  Proceedings  of  the  American  Society  for 
Testing  Materials,  Vol.  IX,  1909,  describes  his  consistometer,  which  is 
said  to  give  a  more  accurate  measurement  of  the  true  hardness  of  asphalt 
than  the  penetrometers. 

Petrolene  and  Asphaltene.  The  bitumen  soluble  in  petroleum  spirit 
has  been  designated  arbitrarily  '^  petrolene,"  and  the  part  soluble  in  carbon- 
disulphide  as  **  asphaltene."  Some  users  of  asphalt  vary  their  specifications 
for  petrolene  and  asphaltene,  ])asing  their  proportions  on  what  in  prac- 
tical work  seems  to  give  the  best  results.  The  petrolene  is  first  determinetl 
by  extracting  a  sample  with  petroleum  spirit,  the  amount  dissolved 
representing  the  petrolene;  the  residue  is  then  extracted  with  carbon- 
disulphide,  the  part  dissolved  representing  the  asphaltene. 
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THE  DESTRUCTIVE  DISTILLATION  OF  WOOD 

W.  B.   HARPER 

Superintendent  Charcoal  Plants  Noble  Electric  Steel  Co.,  HerauU,  Cat. 

The  Distillation  of  Wood.  Wood  is  a  material  that  is  found  widely 
distributed.  In  some  .sections  the  various  woods  are  equally  intermingled, 
while  in  other  sections  large  areas  are  covered  by  only  one  species,  with 
but  few  trees  of  other  kinds.  In  the  United  States  there  is  a  yellow 
pine  belt  reaching  from  North  Carolina  to  Texas,  the  northern  limit  being 
Central  Alabama,  and  extending  south  to  within  a  few  miles  of  the  coast. 
The  fir  belt  is  found  on  the  Pacific  Slope  and  extends  from  northern  Cali- 
fornia into  British  Columbia.  In  Michigan  are  found  large  tracts  of  maple, 
and  in  other  States  other  kinds  of  wood  are  found  in  quantity. 

For  distillation  purposes,  usually  but  two  classes  of  woods  are  used — 
the  hard  woods,  such  as  oak  and  maple,  and  resinous  woods,  such  a.s  the 
yellow  pine  and  Douglas  fir.  The  hard  woods  yield  larger  quantities  of 
acetic  acid  and  alcohol  and  the  resinous  woods  more  tar  and  oils.  To 
obtain  the  highest  yields  of  the  various  products  sought,  the  proper  kind 
of  wood  must  be  selected,  and  the  supply  should  be  large. 

Treatment  of  the  Material  Preparatory  to  Distillation.  In  hard  wood 
distillation  in  the  United  States,  the  wood  is  cut  into  lengths  of  about 
4  ft.,  like  ordinary  cord  wood.  In  Europe  the  wood  is  often  cut  into 
short  billets  and  then  distilled.  As  the  distillation  of  hard  wood  is  now 
carried  on  mostly  in  connection  with  iron  furnaces,  large  pieces  of  woo<l 
must  be  used  in  order  to  make  a  suitable  charcoal. 

The  practice  with  resinous  woods  is  very  variable.  Some  plants 
use  cord  wood,  some  billets,  and  some  chips  from  a  chipping  machine 
<5alled  a  "  hog.'' 

In  all  destructive  distillation  proces.ses,  the  finer  the  wood  is  cut  the 
more  quickly  the  distillation  proceeds.  To  distil  very  fine  material 
special  apparatus  is  needed  on  account  of  the  tendency  of  the  material 
to  pack,  thus  preventing  the  heat  from  passing  through.  Usually,  in  a 
stationary  retort  the  wood  should  not  be  cut  in  pieces  less  than  a  foot  in 
length.  As  the  cutting  of  the  wood  requires  power,  labor  and  apparatus, 
the  advantages  of  rapid  distillation  are  often  offset  by  the  expense  of 
preparation.     For  the  extraction  of  turpentine,  the  finer  the  particles  of 
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wood,  the  larger  the  yield,  the  quicker  the  distillation  and  the  better  the 
quality  of  the  oil  produced.  If  the  residue  is  to  be  used  for  paper  makini;, 
the  chips  should  be  of  a  suitable  size  to  make  the  proper  fiber. 

Manufacturing  Processes.  For  the  production  of  charcoal  only, 
the  simplest  and  crudest  form  of  distillation  is  the  common  charcoal  pit, 
Fig.  284.  This  method  consists  of  stacking  up  a  lot  of  wood  in  a  circle  of 
30  to  50  ft.  in  diameter  and  covering  it  with  earth.  These  pits  are  made 
in  various  shapes  and  sizes.  Often  the  wood  is  cut  into  billets  and  placed 
on  end  to  form  a  circular  stack  of  several  layers,  the  diameter  of  each 
upper  layer  being  less  than  the  one  immediately  below  it,  thus  forming 
a  mound  or  "  meiler."  A  passageway  is  left  to  the  middle  of  the  pile  so 
that  a  fire  can  quickly  reach  the  center.  The  pile  is  covered  with  turf 
and  sand,  except  near  the  bottom,  where  vents  are  left  for  the  admission 
of  air  and  also  for  the  escape  of  the  vapors.  In  this  form  of  distillation 
part  of  the  wood  is  carbonized  by  the  heat  formed  by  the  combustion  of 
the  other  part.  The  water  vapor  is  driven  off  first  and  the  oxygen  of 
the  air  present  in  the  interstices  of  the  wood  is  consumed.    After  dis- 


Fh;.  284,— Charcoal  pit. 

tillation  gets  under  way  the  air  is  carefully  excluded  to  such  an  extent 
that  only  sufficient  is  admitted  to  tlioroughly  char  the  wood  without  burn- 
ing too  much  of  it.  Any  part  exposed  by  the  earth  falling  in  is  quickly 
covered  and  only  cracks  enough  allowed  to  permit  the  ga-ses  to  escape. 
The  charring  is  finished  when  the  gase^  become  light  blue  in  color.  The 
earth  is  then  removed  in  small  sections  at  a  time  and  the  eharcoal  quenched 
with  water. 

In  a  charcoal  kiln  the  wood  is  stacked  either  on  end  or  lying  down. 
A  firing  passage  is  left  as  in  the  case  of  the  charcoal  pit.  The  kiln  itself 
consists  of  a  brick  chamber,  either  beehive  in  shape  or  rectangular.  They 
are  usually  made  large  enough  to  hold  from  60  to  80  cords  of  wood.  Some 
are  lined  with  firebrick  part  way  up  the  side  Doors  are  left  in  the  top 
and  bottom  for  charging  the  wood.  Openings  are  left  in  the  Iwttom  for 
the  admission  of  air,  and  some  have  a  flue  connection  with  a  stack  so 
as  to  encourage  the  draft.  Those  having  stacks  can  l>e  forced  so  as  to 
complete  the  distillation  in  two  or  three  days  if  necessary.  Usually  it 
takes  about  eleven  days  to  charge,  distil  and  to  cool. 

An  illustration  of  the  most  common  form  of  kiln  is  shown  with  stack 
in  Fig.  285.     The  method  of  operating  a  kiln  is  similar  to  that  followed  with 
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a  pit.  The  fire  is  led  to  the  middle  of  the  pile  and  the  whole  allowed  to 
heat  slowly  to  drive  out  the  water,  then  the  holes  at  the  lx)ttom  are 
closed  and  opened  in  such  a  manner  as  to  cause  the  fire  to  spread  over  the 
entire  kiln  so  as  to  avoid,  as  far  as  possible,  the  formation  of  brands  or 
uncharred  pieces.  As  with  the  pit,  the  presence  of  the  light-blue  vaFK>rs 
denotes  the  fact  that  most  of  the  volatile  matter  has  been  driven  off.  The 
kiln  is  then  closed  up  tightly  with  lime  and  allowed  to  cool.  In  both  the 
pit  and  the  kiln  the  vapors  are  lost,  although  sometimes  a  condenser  is 
used  with  a  kiln.  On  account  of  the  large  amount  of  fire  gases  which 
mingle  with  the  vapors,  these  condensers  must  be  large  and  supplied 
with  plenty  of  cooling  water.  The  yield  of  valuable  products  is  much 
less  than  when  retorts  are  used. 

To  manufacture  tar  from  resinous  woods  by  means  of  kilns  or  pit«i, 
it  is  customary  to  have  a  trough  leading  from  the  bottom  of  the  wood  to 
a  pit  underground.  The  wood  is  cut  up  much  finer,  and  is  more  thoroughly 
burnt,  leaving  but  little  charcoal,  the  object  being  to  obtam  as  much 
tar  as  possible. 


Fig.  285. — Charcoal  kiln  with  stack. 

Retorts.  To  save  the  volatile  matter  coming  from  the  wood,  various 
retorts  have  been  devised,  varying  within  wide  limits,  according  to  the 
kind  of  wood  to  be  distilled.  As  already  stated,  with  kilns  and  pits  the 
volatile  matter  is  lost  or  partially  destroyed,  owing  to  the  admission  of 
air  directly  to  the  wood. 

The  simplest  form  of  apparatus  for  saving  the  vapors  formed  by 
distillation  consists  of  an  inclosed  vessel,  called  a  retort,  surrounded  by  a 
suitable  furnace,  to  which  heat  can  be  applied  by  means  of  coal,  wood, 
oil,  gas  or  electricity,  the  vessel  to  l)e  supplied  with  a  vapor  pipe  connecting 
with  some  form  of  a  condenser.  Some  kind  of  tank  is  also  needed  in  which 
to  collect  the  condensed  products.  Where  there  is  acid,  the  retorts  are 
made  of  iron,  the  connecting  pipes  and  condenser  tubes  of  copper,  and  the 
receiving  tanks  of  wood  or  copper  lined.  To  distil  steam  for  turpentine, 
a  furnace  would  not  be  required,  but  the  other  apparatus  would  be  similar. 

Hard-wood  Distillation.  Using  hard  wood,  destructive  distillation 
is  practised,  the  products  sought  being  charcoal  acetates  and  wood  alcohol. 

The  retorts  used  are  of  two  di.stinct  types,  those  placed  horizontally 
in  the  furnace  and  those  set  vertically.     Of  the  horizontal  type  there 
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are  two  tlasses,  the  rectangular  ovens  and  the  cylindrical  retorts.  Of 
the  vertical  type  there  are  three  classes,  the  fixed  retort,  the  removable 
retort  and  the  fixed  retort  with  removable  cage. 

Most  of  the  retorts  are  made  of  boiler  plate  of  a  thickness  of  I  in.  or 
more.  Formerly  cast-iron  and  clay  retorts  were  used,  but,  although  they 
do  not  bum  out  as  readily  as 
wrought  iron,  they  must  be 
made  thicker  to  have  the  same 
strength,  and  have  the  further 
disadvantage  of  cracking  when 
heateti. 

Of  the   horizontal   retorts 
the  ovens  are  the  most  numer- 
ous —  Fig,    286.      They    are 
rectangular  in  shape,  flat  on 
the      bottom      and     -slightly 
arched  on  top.     The  l»ottom 
is  supplied  with  rails.     On  the 
sides  or  back  are  one  or  more  openings  for  the  exit  of  the  vapors  to  he 
con<lcn.-ed.     The  wootl   is  loaded  on  steel  cars  holding  about  two  and 
one-half  cords  each  and  rolled  into  the    retort.     The   ovens   are   about 
6  ft.  wide  and  7  ft.  high  and   of  various  lengths  to   hold  two,  three  or 
four  cars  each.     One  or  two  coolers  are   used  with  each  of  these  retorts, 
of  similar  shape  to  the  retorts 
but  of  lighter    material,  into 
which  the   car  of  charcoal    is 
withdrawn  soon  after  the  end 
of  the  distillation. 

Some   of     the    cylindrical 

retorts.  Fig.  287,  are  made  9 

ft.  long  by  50  ins.  in  diameter 

Fiu.  287.— Cylindrical  retort  and  condennor.       and    will    hold    about  a    cord 

each.        These     retorts     are 

charged   and  emptied   by  hand.     An   iron  box   mounted   on   wheels   is 

use<l  to   hold   the  hot  charcoal,  and   when  full   it  is   covered    with    a 

sheet-iron  cover  and  the  edges  luted  with  sand  or  clay. 

Of  the  vertical  retorts  no  particular  type  seems  to  have  the  preference. 
The  retorts  are  usually  made  cylindrical  and  hold  from  \  to  5  cords  of 
woo<l.  A  convenient  size  is  about  2  cords.  The  fixed  retorts  remain  in 
the  brickwork  and  are  attached  to  the  vapor  pipe  of  the  condenser  by 
one  or  two  pipes,  preferably  one  at  the  top  and  one  at  the  bottom.  The 
movable  retorts  are  -so  arranged  that  they  can  be  pulled  out  of  the  furnace 
when  the  wood  is  charred  and  allowed  to  cool  unopened.  Instead  of  hoi.st- 
Jng  the  retort  itself  some  tj-pes  use  a  retort  with  removable  cage,  Fig  287. 
Only  the  cage  is  removed,  and  as  the  cage  <loes  not  have  to  stand  the 
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direct  heat  of  the  fire,  it  can  be  made  of  lighter  material  than  the  retort, 
and  the  removing  of  the  cage  instead  of  the  retort  saves  the  wear  and  tear 
of  the  brickwork.     In  addition  to  this  the  vapor  pipes  are  not  disturbed. 

The  larger  sizes  of  vertical  retorts  require  suitable  hoisting  apparatus 
in  order  to  charge  the  wood,  and  there  is  always  danger  of  a  rope  breaking, 
thus  causing  much  damage.  The  vertical  retorts  are  much  easier  to 
charge  and  are  easier  to  clean  out  than  the  horizontal  ones,  particularly 
while  hot. 

Condensers.  The  condensers  used  are  generally  of  one  type,  although 
other  kinds  might  be  used.  The  most  satisfactory  seems  to  be  the  vertical 
tubular  condenser  which  is  shown  in  Fig.  288.  It  consists  of  a  vapor  pipe, 
leading  to  an  expanding  chamber  at  the  top  of  the  condenser;  the  neces- 
sary condensing  tubes,  and  a  bottom  chamber  for  collecting  the  condensed 

matter  from  the  tubes — these  parts  all 
made  of  copper.  The  whole  is  contained 
in  an  iron  or  wooden  shell  which  holds 
the  condensing  water.  The  top  of  the 
condenser  is  supplied  with  a  cap  or 
removable  top  fastened  by  means  of  a 
yoke  or  bolts  so  that  the  tubes  can  be 
easily  reached  and  cleaned.  To  the 
lower  chamber  is  connected  an  outlet 
pipe  which  is  usually  supplied  with  a 
''  goose  neck  "  or  U  bend,  to  hold  back 
the  gases,  and  a  top  opening  to  permit 
the  gases  to  escape  to  the  furnace. 
The  bottom  of  the  condenser  is  made 
sloping  so  as  to  drain  out  the  tar. 
Sometimes  a  few  fractionating  elements 
are  used  to  remove  the  tar  from  the  vapors,  so  as  to  make  the  p^To- 
ligneous  acid  free  from  tar,  thus  saving  one  distillation  when  making  gray 
acetate  of  lime. 

Worm  condensers  have  been  used,  and  also  tubes  set  one  above  the 
other,  with  removal)le  ends,  but  they  are  not  as  satisfactory  as  the  tubular 
condenser. 

To  carry  out  the  operation  of  destructive  distillation  no  definite  rule 
can  be  followed.  The  temperature  required  varies  with  the  different 
woods,  and  the  time  of  distillation  varies  with  the  temperature.  Some 
woods  distil  easily  and  others  with  difficult}'.  The  yield  of  condensed 
products  varies  greatly  with  the  method  of  firing.  The  charcoal  made 
at  a  given  temperature  also  varies  in  composition,  according  to  the  kind 
of  wood  used.  The  proper  conditions  should  always  be  determined  by 
experiment  when  a  new  variety  of  wood  is  used. 

To  operate  to  the  best  advantage  it  is  best  to  heat  slowly  after  the 
liquid  starts  to  flow  from  the  mouth  of  the  condenser,  as  overheating 


Fig.  288.— Vcrticiil  retort  with 
removable  cage. 
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causes  a  loss  of  volatile  matter.  After  reaching  a  certain  temperature, 
the  heating  can  be  increased  quite  rapidly  in  order  to  drive  out  the  heavy 
tars.  The  first  distillate  begins  to  come  over  at  about  320*^  F.  and  consists 
of  furfural,  water  and  very  little  acid.  The  watery  distillate  is  known  as 
"  pyroligneous  acid."  The  percentage  of  acid  increases  with  the  tem- 
perature until  the  tar  begins  to  distil,  then  it  begins  to  drop  off  slightly. 
Meanwhile  uncondeasable  gases  are  formed  and  these  are  piped  to  the 
furnace  and  burned.  During  the  earlj'  stages  of  the  distillation  the  color 
of  the  flame  of  the  burning  gases  is  blue,  due  to  the  carbon  monoxide 
present,  while  later  the  color  becomes  yellow,  due  to  the  presence  of  the 
lieavier  hydrocarbons.  The  end  of  the  operation  is  indicated  by  the  falling 
off  of  the  quantity  of  the  distillate  at  the  mouth  of  the  condenser,  by  the 
temperature  inside  the  retorts  (about  800°  F.),  and  by  the  color  of  the  shell 
of  the  retort.  The  character  of  the  distillate  also  indicates  the  end  of  the 
distillation,  the  tarry  products  being  strongly  in  evidence.  When  cars 
or  cages  are  used  the  charcoal  is  withdrawn!  hot,  thus  saving  the  heat  of 
the  brickwork  for  the  next  charge.  The  conditions  should  be  regulated 
so  that  each  retort  can  be  charged  once  every  twenty-four  hours. 

The  Distillation  of  Resinous  Wood.  The  distillation  of  resinous 
woods  requires  retorts  var^dng  in  size  and  shape  with  the  methods  of  oper- 
ation and  the  products  sought.  The  chief  commercial  products  obtained 
by  the  distillation  of  resinous  woods  are  turpentine,  tar  and  charcoal. 
Soft  woods  yield  a  much  larger  amount  of  water  than  hard  wood  and  this 
causes  the  pyroligneous  acid  to  be  weak  in  acetic  acid  and  alcohol.  On 
this  account  the  pyroligneous  acid  from  resinous  woods  is  not  usually 
saved. 

There  are  several  methods  of  treating  resinous  woods  to  -obtain  the 
various  products.  The  apparatus  in  the  various  cases  varies  somewhat. 
The  methods  are  as  follows:  1.  Destructive  distillation,  with  or  without 
steam.  2.  Steam  distillation.  3.  Distillation  of  turpentine  by  means 
of  hot  rosin.  4.  Extraction  by  means  of  hot  water.  5.  Extraction  by 
means  of  volatile  solvents. 

The  destructive  distillation  of  resinous  woods  is  carried  on  in  a  very 
similar  manner  to  the  treatment  of  hard  wood.  So  far,  both  horizontal 
and  vertical  retorts  have  been  used,  varying  in  capacity  from  1  to  5  cords. 
Various-shaped  retorts  have  been  used,  and  points  of  advantage  claimed 
for  each  one.  Generally  the  retorts  are  fitted  with  pipes  and  valves,  so 
that  the  vapors  can  be  draAvn  off  different  levels  according  to  the  relative 
gravity  of  the  condensed  products. 

The  greatest  variation  seems  to  be  in  the  method  of  extracting  the 
turpentine.  As  this  substance  is  apt  to  become  contaminated  with  tarry 
products,  giving  it  a  bad  odor  and  color,  considerable  care  is  necessary  to 
produce  it.  To  avoid  this  contamination,  some  use  two  condensers,  one 
for  the  turpentine  and  the  other  for  the  tar  and  pyroligneous  acid.  Others 
collect  the  turpentine  in  one  tank  and  the  other  products  in  another. 
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Usually  the  change  from  turpentine  to  the  other  products  is  made  when 
the  temperature  reaches  320°  F.,  or  when  the  wood  begins  to  decompose. 

The  operation  is  carried  on  at  first  at  a  low  temperature  so  as  not  to 
char  the  wood.  The  turpentine  and  resin  exist  already  formed  and  are 
not  products  of  the  decomposition  of  the  wood.  By  the  influence  of  heat 
the  turpentine  distils,  carrying  with  it  part  of  the  resin.  Sometimes 
steam  is  added  to  help  carry  over  the  vapors.  As  the  heat  increases 
part  of  the  resin  decomposes  and  rosin  oil  distils  over.  When  the  wood 
begins  to  char,  the  pyrol  Igneous  acid  begins  to  form  and  the  distillaticHi 


^-1.4.  Retorts; 

BB.  Condensers; 

CC,  Pipe  for  condensed  products; 

DD,  Receiving  tank,  crude  liquors; 

E.  Oil  tank; 

FF.  Arid  and  lime  tee  stills; 

G.  Neutralizing  tank  and  filter  press; 

////.  Steam  pans  for  acetate; 

/.  Finishing  pan  for  acetate; 

JJ.  Rectifying  still  for  alcohol; 

A'.  Crude  oil  and  tar  still; 

L.  Washer  for  crude  oil; 

M.  Column  still  to  refine  turpentine  from  crude  wood  oil. 


Fig.  289. — Plan  of  complete  plant  for  distillation  of  resinous  woods. 


is  carried  on  from  this  stage  exactly  sus  in  the  case  with  hard-wood  dis- 
tillation and  the  products  all  collected  in  one  tank.  See  Fig.  289  for 
complete  details  of  plant  for  destructive  distillation  of  wood. 

The  Steam  Process.  To  extract  the  turpentine,  which  is  already  p^e^*- 
ent  in  the  wood,  it  is  only  necessary  to  employ  such  agents  as  will  volatil- 
ize it.  A  mixture  of  turpentine  and  water  boils  at  95°  C,  so  if  steam  be 
passed  through  chipped  wood  in  a  suitable  retort  and  the  temperature 
maintained  above  95°  C,  a  mixture  of  oil  and  water  vapor  will  distil  and 
can  be  condensed  in  the  ordinary  manner.  This  is  an  old  method  of  dis- 
tilling finely  divided  wood  that  has  been  given  much  attention  recently. 
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Much  ingenuity  has  been  used  to  devise  suitable  mechanical  arrangements 
for  carrying  on  the  process  successfully.  The  requirements  are  a  wood 
chipping  and  elevating  system  that  will  deliver  the  wood  to  the  retorts; 
an  easy  method  of  discharge  from  the  retorts,  for  the  steamed  wood;  and 
the  proper  conveying  machinery  to  remove  the  discharge  chips  to  a  bin 
or  to  the  boilers,     (considerable  steam  is  needed  for  this  process. 

Usually,  a  vertically  placed  or  slanting  retort  (see  Fig.  290)  is  used  with 
an  ojiening  on  top  for  the  entrance  of  the  wood,  and  with  a  large  dis- 
charging device  at  the  bottom.  Various  forms  of  rotating  retorts  are 
also  used.     The  retorts  are  connected  to  suitable  condensers. 

The  resinous  wood  is  hogged,  then  elevated  by  means  of  a  conveyor 
to  the  retorts  or  to  a  bin  above  the  retorts.  The  retort  is  filled  nearly 
full  with  wood  and  the 
opening  at  the  top  closed. 
Steam  is  allowed  to  enter 
and  when  the  retort  becomes 
warm  enough  the  steam  and 
oil  vapors  are  led  off  to  the 
condenser.  A  pressure  of 
from  5  to  20  lbs.  is  generally 
maintained,  so  as  to  force  the 
steam  into  contact  with  all 
parts  of  the  wood.  As  the 
temperature  is  not  high 
enough  to  affect  the  wood 
fiber,  this  process  presents 
one  of  the  best  methods  for 
obtaining  a  clear  white  oil 

from  the  wood  in  a  short  time.  If  enough  steam  be  used  all  the  turpentine 
can  be  extracted  in  less  than  one  hour.  The  commercial  importance  of  the 
process  seems  doubtful,  as  the  yield  is  not  sufficient  to  pay  for  the 
increased  cost  necessary  to  obtain  selected  wood.  Where  a  market  can 
be  obtained .  for  the  chips  the  process  can  be  operated  to  advantage. 
However,  the  resin  is  lost  and  a  process  is  desirable  where  the  resin  can 
be  extracted  with  the  turpentine. 

During  the  digesting  process,  while  making  paper  from  yellow  pine 
by  the  soda  process,  the  turpentine  from  the  blow-off  at  the  top  is  condensed 
and  recovered  very  economically.  The  product  is  not  as  good  as  when 
made  by  the  steam  process  direct,  the  pressure  being  too  high. 

Resin  Process.  To  avoid  the  local  overheating  during  the  early  stages 
of  the  destructive  distillation  process,  which  causes  part  of  the  wood  to 
distil  before  the  temperature  of  the  whole  reaches  320**  F.,  some  have 
attempted  to  distil  the  wood  in  a  l)ath  of  rosin.  The  process  is  said  to 
work  well,  but  it  is  doubtful  if  continued  operation  confirms  first  impres- 
sions.    The  distilling  point  of  the  resin  is  too  close  to  that  of  wood,  the 


Fig.  290. — Slanting  retort  for  turpentine. 
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rosin  itself  is  liable  to  be  decomposed  by  local  overheating,  and  being  solid 
at  ordinary  temperatures,  difficulty  would  be  experienced  in  pumping 
it  and  removing  it  from  the  wood  at  the  end  of  the  operation.  It  will 
probably  have  no  future. 

Hot-water  Process.  A  more  rational  process  would  be  the  hot-water 
process,  provided  the  temperature  could  be  raised  to  the  proper  degree. 
Although  turpentine  and  water  begin  to  distil  at  95®  C,  a  mixture  of 
turpentine  and  resin  in  wood  requires  a  higher  temperature  to  extract  the 
turpentine  and  to  liquefy  the  resin.  This  process  on  a  small  scale  is  said 
to  give  large  yields  of  both  turpentine  and  rosin  from  the  right  kind  of 
wood. 

Extraction  Processes.  Extraction  processes  seem  to  be  the  most 
rational  way  of  treating  very  resinous  wood,  particularly  if  charcoal  is 
not  to  be  made.  Two  products  are  thus  obtained  and  the  cost  of  operation 
need  not  be  much  greater.  The  success  of  such  processes  naturally  depends 
upon  the  substance  used  in  extracting  and  the  cost  of  treatment  necessary 
to  recover  it.     Several  substances  have  been  suggested  and  tried. 

The  Craighill  and  Kerr  procet's  requires  the  use  of  dilute  caustic  soda 
to  hold  back  the  resin  and  acids,  before  steaming,  to  distil  the  turpentine. 
After  the  turpentine  has  been  removed,  the  wood  is  submerged  with  water, 
steam  applied  and  the  wood  digested  at  a  temperature  equal  to  the  boiling- 
point  of  the  alkaline  solution  with  which  the  mass  was  saturated,  and  the 
digestion  continued  until  the  rosin  has  completely  entered  into  combi- 
nation by  saponification  with  the  alkaline  solution.  Thereupon  the  solu- 
tion is  drawn  off  and  the  wood  well  drained.  The  rosin  is  recovered  bv 
adding  acid  to  the  solution  to  neutralize  the  soda.  The  fiber  is  then  to 
be  made  into  paper.  The  Frankfarter  process  requires  the  use  of  ether, 
carbon  bisulphide,  carbon  tetrachloride,  gasoline,  etc. 

The  Harper  process  consists  in  the  treatment  of  the  chipped  wood  with 
turpentine,  either  hot  or  cold,  the  turpentine  being  made  from  the  wood 
at  the  plant.  The  resin  dissolves  in  the  turpentine  and  the  mixture  is 
siphoned  off.  The  wood  is  then  steamed  and  the  adhering  turpentine 
removed  exactly  as  in  the  steam  process.  The  mixture  of  turpentine  is 
heated  in  a  suitable  still  with  or  without  live  steam,  the  turpentine  dis- 
tilling and  the  resin  remaining  behind  in  the  still.  In  this  way  there  is 
no  cost  for  solvent,  and  the  solvent  is  recovered  and  continually  recused. 
The  exhausted  fiber  is  burned  under  the  boiler^^,  but  could  be  used  for 
making  paper,  or  for  making  charcoal  by  distillation  in  a  special  retort. 
There  is  great  loss  of  solvent  in  the  use  of  these  processes. 

To  Obtain  Refined  Products.  The  condensed  liquor  from  the  tle- 
structive  distillation  processes  consists  of  three  layers,  the  upper  layer  of 
tarry  oils,  the  intermediate  layer  of  pyroligneous  acid,  and  the  bottom 
layer  of  tar.  Sometimes  with  resinous  woods  the  line  of  demarcation 
is  not  very  well  defined.  In  such  cases  the  separation  is  difficult,  with- 
out distilling.    A  centrifugal  separator  could  be  used  to  advantage. 
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The  crude  product  coming  from  the  wood  in  the  steam  process  con- 
sists of  crude  turpentine  as  an  upper  layer  and  of  water  as  a  lower  layer- 
In  all  the  processes  the  separation  is  effected  as  far  as  possible  by  gravity, 
the  different  products  being  drawn  off  at  the  respective  levels,  or  one 
drawn  off  after  the  other. 

Acetic  Acid.  The  p>Toligneous  acid  contains  fatty  acids,  chiefly  acetic, 
varying  from  4  to  10  p)er  cent,  about  1  to  12  gals,  of  wood  alcohol  to  the 
cord  of  wood  used,  some  acetone,  light  oil,  metacetone  and  other  ketones, 
aldehydes  and  tarry  products.  To  obtain  the  various  products  different 
means  are  pursued  according  to  the  quality  of  products  to  be  made. 
These  are  brown  acetate  of  lime  or  lead,  gray  acetate  of  lime,  acetate  of 
soda,  acetic  acid  and  refined  wood  alcohol. 

To  make  brown  acetate  of  lime,  the  acid  is  simply  neutralized  with 
lime  and  the  insoluble  tarry  products  produced  skimmed  off.  The  solu- 
tion of  acetate  is  distilled  in  an  iron  or  copper  still  until  the  wood  alcohol 
is  collected,  then  the  remaining  liquor  is  evaporated  to  dryness  and  par- 
tially charred  to  destroy  tarry  matters. 

To  make  gray  acetate  of  lime,  the  liquor  is  sent  to  an  acid  still,  a 
copper  still  with  or  without  special  fractionating  column.  The  alcohol 
distils  first  and  may  be  collected  separately  until  the  temperature  in  the 
still  approaches  100°  C.  or  the  sp.gr.  of  the  distillate  is  1.  The  acid  is 
then  distilled  and  may  be  passed  directly  as  a  vapor  through  milk  of 
lime,  or  condensed  and  caught  separat^jly,  when  it  is  known  as  dis- 
tilled wood  vinegar.  This  is  neutralized  with  lime.  As  some  of  the  acid 
may  distil  with  the  wood  alcohol,  both  are  sometimes  condensed  together 
and  neutralized  with  lime.  The  liquor  is  then  distilled  in  a  fractionating 
still  to  recover  the  alcohol.  The  acetate  liquor  is  then  evaporated  to 
dryness  in  suitable  pans.  Crude  hydrochloric  acid  is  often  added  before 
evaporation  and  the  liquor  drained  from  the  deposit  formed.  The  pans 
are  usually  provided  with  a  set  of  stirrers  to  prevent  the  acetate  from 
burning  to  the  bottom.  The  tarry  matter  rising  to  the  surface  is  removed 
through  a  sliding  door.  When  the  specific  gravity  (measured  hot)  reaches 
1.116  the  separation  of  acetate  begins  and  gradually  the  mass  forms  a 
thick  paste  which  is  removed  and  spread  on  flat  iron  pans  to  be  dried. 
Some  finish  the  drying  in  rooms  heated  by  the  waste  furnace  or  retort 
gases.  The  residue  in  the  stills  is  "  boiled  tar,"  and  is  removed  at  intervals 
as  it  accumulates. 

Acetate  of  soda  is  made  in  a  similar  manner  to  acetate  of  lime.  Sodium 
carbonate  is  added,  in  small  p)ortions  at  a  time  to  avoid  too  much  effer- 
vescing, to  distilled  wood  vinegar  until  the  acid  is  neutralized.  The  tarry 
substances  app)earing  on  the  surface  are  removed  and  the  brown  fluid, 
after  clarifying  by  standing,  is  drawn  off  into  shallow  iron  pans  which  are 
heated  by  the  fire  gases  from  the  retorts  or  by  steam.  The  liquid  is  boiled 
down  to  1.23  sp.gr.  then  crystallized  in  sheet-iron  boxes.  The  crystals 
are  drained  from  the  mother  lye  and  then  centrifuged.    By  calcining  these 
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crystals,  redissolving  and  recr>'.stallizing  a  very  pure  salt  is  obtained- 
Sometimes  the  solution  is  filtered  through  bone-black  or  boiled  with  10 
per  cent  of  bone-black  and  after  recrystallizing  and  centrifuging  an 
entirely  pure  salt  is  obtained. 

Wood  Alcohol.  The  crude  wood  alcohol  is  treated  with  lime  and 
settled,  the  clear  liquor  being  redistilled  in  column  stills  until  of  about 
82  per  cent  by  volume.  By  again  redistilling,  a  product  of  92  to  95  per  cent 
can  be  easily  obtained.  However,  to  make  alcohol  that  is  miscible  with 
water,  it  is  advisable  to  dilute  the  alcohol  with  water  until  the  specific 
gravity  reaches  0.934  and  allow  the  mixture  to  rest  for  a  few  days,  when 
the  greater  portion  of  the  hydrocarbons  separate  as  an  oily  layer  on  the 
top  and  can  be  drawn  off.  The  alcoholic  fluid  left  is  redistilled  over  lime 
and  makes  strong  alcohol  that  does  not  become  turbid  up)on  the  addition 
of  water.  The  oily  fractions  are  mixed  together  and  redistilled  separately, 
when  a  further  quantity  of  alcohol  is  obtained.  Only  the  portion  miscible 
with  water  is  saved,  the  other  portions  being  worked  over.  The  first 
nmnings  of  the  distillate  are  more  or  less  colored,  but  the  middle  fractions 
are  colorless  and  yield  good  alcohol.  After  the  middle  portion  distils 
the  alcohol  begins  to  contain  oil  and  it  becomes  non-miscible.  Sul)se- 
quently,  the  distillate  becomes  turbid  and  finally  a  mixture  of  oil  and  water 
comes  over,  which  separates  into  two  layers. 

Acetone.  None  of  these  processes  serve  to  remove  acetone.  To  do 
this  several  methods  are  used.  One  is  to  form  a  compound  of  wood  alcohol 
and  calcium  chloride,  which  is  stable  at  100°  C.  By  gently  heating, 
the  acetone  is  driven  off,  and  then  by  adding  water  and  raising  the  tem- 
perature to  100°  C.  the  calcium  chloride  compound  decomp)oses  and  the 
methyl  alcohol  distils.  Another  method  is  to  add  caustic  potash  and 
iodine  until  the  j^ellow  color  disappears,  then  to  distil.  The  watery  alcohol 
is  repeatedly  rectified  over  lime,  and  finally  over  metallic  sodium  or  phos- 
phoric anhydride  to  remove  the  last  traces  of  water. 

The  Crude  Tar.  The  tar  from  hard  woods  that  is  to  be  utilized  is 
washed  with  water  or  dilute  milk  of  lime,  in.  order  to  wash  out  the  acid 
that  was  not  thoroughly  separated  by  settling.  It  is  then  ready  for  further 
treatment.  The  tar  from  resinous  woods  is  distilled  with  live  steam  in 
a  copper  tar  still  until  the  oils  are  removed.  If  these  oils  contain  turpen- 
tine as  they  would  when  the  distillate  is  collected  together,  they  are  spe- 
cially refined.    When  thick  enough  the  tar  is  ready  for  barrelling. 

Tar  Oils.  To  obtain  tar  oils  from  the  tar,  it  is  destructively  distilled 
in  a  ^vrought  or  cast-iron  vessel  sometimes  provided  with  a  stirrer.  The 
general  shape  of  the  still  is  similar  to  a  turpentine  still.  Fig.  291.  The 
still  is  heated  slowly  and  the  distillate  collected  until  the  specific  gravity' 
of  the  tar  oil  reaches  about  0.98  when  the  receiver  is  changed.  Following 
the  light  oils,  a  heavy  oil  comes  over,  having  a  specific  gravity  of  upwards 
of  1.01  and  of  a  yellowish  green  color.  The  distillation  is  sometimes 
carried  on  until  nothing  but  coke  is  left  in  the  still  but  it  is  usually  better 
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to  stop  with  the  production  of  pitch  which  can  be  drawn  out  hot  from  the 
still.  This  is  run  out  on  iron  plates  to  cool,  care  being  taken  to  prevent 
ignition.  The  condensate  is  sometimes  divided  according  to  the  temper- 
ature of  distillation,  the  light  oils  being  collected  up  to  240°  C.  and  the 
heavy  oils  between  240  and  290°  C.  The  heavy  oil  contains  most  of  the 
creosote,  which  is  extracted  from  the  heavy  oil  by  means  of  caustic  lye 
of  about  1.2  sp.gr.  The  hydrocarbons  are  boiled  out  and  the  creosote 
separated  by  neutralizing  with  sulphuric  acid.  The  treatment  is  repeated 
and  the  final  creosote  distilled,  the  product  coming  over  between  200  and 
220°  C.  l^eing  called  commercial  wood  creosote.  To  further  purify  it, 
it  is  oxidized  with  a  mixture  of  dichromate  of  potassium  and  sulphuric 
acid  and  again  distilled.  The  crude  oil  in  the  distillate  from  the  steam 
treatment  of  pine  tar  is  often  saved.  It  varies  in  color  from  light  yellow 
to  brown,  exposure  to  the  air  causing  the  color  to  become  muth  darker. 
A  number  of  substances  are  present,  the  oils  coming  from  the  distillation 
of  the  turpentine  and  from  the  destructive  distillation  of  the  resiA  in 
the  wood.  The  crude  oil  contains  considerable  quantities  of  creosote  and 
tar  products.  To  remove  these,  the  oil  is 
redistilled  in  a  still  of  similar  shape  and 
construction  as  the  tar  still—  only  smaller. 
Fig.  291 .  The  oil  comes  over  with  only  a 
slight  coloration.  To  prevent  this  color,  the 
crude  oil  is  sometimes  treated  with  chemi- 
cals such  as  caustic  soda,  lime,  perman- 
ganate,  sulphuric  acid  and  the  like  Ix^fore 

being  distilled.     These  substances  usually      x.      om     rp         ,.  ,  ^ 

.  .,  ^  .  ,  ,  ,  -^        Fig.  291. — Turi>entinp  and  tar 

fail  to  remove  either  odor  or  color  to  any  g^^ 

great   extent.       When   the    p)ercentage   of 

turpentine  in  the  wood  oil  is  large,  the  crude  oil  is  washed  with  water  or 

alkali  in  an  agitator  and  often  distilled  in  a  column  still  similar  to  the  still 

used  in  refining  wood  alcohol. 

Turpentine.  The  crude  wood  turpentine  caught  separately  when 
wood  is  distilled  by  any  method,  is  usually  refined  in  order  to  make  a 
marketable  article.  When  the  oil  is  very  impure  a  still  with  a  short 
column  is  desirable.  When  the  oil  is  relatively  pure  and  almost  colorless 
like  that  obtained  in  the  steam  distillation,  a  simple  distillation  is  all  that 
is  needed.  Fig.  291.  The  oil  should  be  tested  as  it  comes  from  the  still 
and  when  the  specific  gravity  reaches  0.875  the  receiver  should  be  changed 
or  the  distillation  ended.  A  heavy  oil  remains  behind,  which  can  be 
distilled  at  a  higher  temperature.  This  oil  should  not  be  mixed  with  the 
turpentine,  as  the  mixture  does  not  dry  readily. 

Sometimes  the  turpentine  is  treated  like  crude  oil,  with  caustic  soda, 
sulphuric  acid  and  permanganate,  but  such  treatment  is  not  desirable 
if  it  can  be  avoided.  As  shown  in  Fig.  289,  the  crude  oil  is  sometimes 
washed  in  a  vessel  fitted  with  stirrers. 
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Acetic  Acid.  This  acid  is  not  usually  prepared  directly  from  wocmI 
vinegar  although  it  can  be  with  considerable  trouble.  It  is  usually  pre- 
pared by  the  decomposition  of  some  acetates.  Some  of  the  acetates  ai-e 
decomposable  by  heat  into  acetic  acid  and  oxides,  for  example  lead 
acetate.  The  diacetates  of  soilium  and  potassium  yield  a  very  concen- 
trated solution  of  acid  when  heated. 

Usually,  it  is  best  to  start  with  acetate  of  lime  or  soda  and  to  distil 
with  concentrated  hydrochloric  acid  in  a  copper  still,  care  being  taken  to 
have  an  excess  of  the  salt  in  the  still.  When  brown  acetate  of  Unie  is 
used,  it  is  previously  roasted  at  a  low  temperature.  The  acid  formed  is 
colored  and  contains  about  50  per  cent  of  anhydrous  acid.  With  dilute 
acid  in  the  still,  the  acid  is  purer,  but  contains  only  30  per  cent  anhydrous 
acid.  Often  the  acid  is  distilled  in  Marx  vessels  and  filtered  in  towers 
through  freshly  burned  charcoal.  To  obtain  stronger  acid,  the  weak 
liquor  is  redistilled  and  the  stronger  parts  of  the  distillate  caught  sepa- 
rately. Any  HCl  that  may  be  found  in  the  distillate  can  be  removed  by 
rectifjdng  over  acetate  of  lime  or  soda.  Sulphuric  acid  could  be  used  to 
effect  the  distillation,  but  the  operation  is  not  so  smooth  and  the  distillate 
is  apt  to  contain  sulphur  dioxide. 

Glacial  acetic  acid  can  be  prepared  by  distilling  12  parts  by  weight 
of  pure  anhydrous  sodium  acetate  ^\^th  11  parts  of  concentrated  sulphuric 
acid.  The  first  portion  of  the  distillate  is  rectified  over  sulphuric  acid  and 
pyrolusite  to  remove  traces  of  sulphurous  acid.  The  last  portion,  which 
is  frequently  empyreumatic,  is  collected  by  itself.  The  water  in  the  50 
per  cent  acid  can  be  removed  by  distilling  with  anhydrous  calcium  chloride 
and  cooling  the  distillate,  whereby  one  portion  crystallizes.  The  liquid 
portion  is  drawn  off  and  again  distilled  over  calcium  chloride.  By  dis- 
tilling strong  acid  over  fused  and  coarsely  powdered  potassiimi  acetate 
and  changing  the  receiver  at  120°  C\  the  glacial  acetic  acid  will  pass  over 
in  the  last  portion.  This  is  again  rectified  over  potassium  acetate  and  the 
distillate  cooled  to  about  16°  C.  to  crystallize  the  acid.  Stoneware  vessels 
are  needed  to  carry  on  the  distillation  as  the  acid  strongly  attacks  metals. 
Sometimes  copper  stills  are  used  with  silver  necks  and  worms.  An  attempt 
is  also  being  made  to  use  aluminum. 

Acetone.  On  a  commercial  scale,  acetone  is  made  by  the  dry  distil- 
lation of  gray  acetate  of  lime  at  290  to  400°  C.  in  retorts  which  are  con- 
nected with  a  cooling  apparatus.  When  ))rown  acetate  is  used  it  is  pre- 
viously roasted  at  230°  C  The  first  runnings  are  weak  in  acetone  but  the 
percentage  increases  with  the  temperature.  The  distillate  separates  into 
two  layers,  the  "  heavy  acetone  oils  ''  on  top  and  the  Hghter  oils  dissolved 
in  water  on  the  bottom.  The  yield  is  about  20  per  cent  of  the  calcium 
acetate.  The  crude  acetone  is  treated  with  lime  and  distilled  in  column  stills 
in  a  similar  manner  to  wood  alcohol,  a  nearly  pure  product  being  obtained. 

The  nearly  pure  acetone  can  be  purified  by  treatment  with  sodium 
bisulphite  and  crystallizing  the  compound  formed. 
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Chemical  Theory  and  Reactions  Involved  in  the  Distillation  of  Wood. 

Wood  consists  essentially  of  cellulose  (C6Hio05)n  with  sap  and  incrusting 
lignin.  Green  wood  contains  varying  amounts  of  water  up  to  about  50 
per  cent  by  weight.  Air  dried  wood  contains  about  20  per  cent  of  moisture 
which  can  be  eliminated  by  heat,  but  is  reabsorbed  by  exposure  to  the  air. 
Various  chemicals  affect  cellulose,  but  it  is  usually  a  very  resistive  sub- 
stance. When  burned,  wood  leaves  an  ash  var>ang  in  amount  with  the 
kind  of  wood.  Resinous  woods  contain  in  addition  to  the  woody  fiber, 
a  large  amount  of  resins  and  oils  which  can  be  extracted  by  solvents, 
leaving  the  fiber  intact.  The  oil  is  chiefly  terpene  the  principal  ingredient 
of  turpentine,  and  the  resin  is  chiefly  colophony. 

Cellulose  being  a  complex  organic  substance  the  chief  influence  of  heat 
is  naturally  to  decompose  it  into  simpler  compounds.  From  its  composi- 
tion, it  would  be  expected  that  by  driving  off  the  water,  44.45  parts  by 
weight  of  charcoal  would  be  obtained.  It  breaks  down,  however,  into 
more  complex  substances  than  water  and  carbon.  A  relatively  high  tem- 
perature is  needed  to  start  the  decomposition  and  the  temperature  nmst 
he  continually  increased  during  most  of  the  distillation  in  order  to 
continue  the  decomposition. 

Cellulose  may  be  considered  a  hexahydric  alcohol  Ci2Hi404(OH)o. 
From  the  yield  of  charcoal  the  final  products  of  distillation  might  be  written 

C12H20O10  =  8C+C4H2oOio 
100  =  29.6+70.4. 

The  C4H20O10  may  be  considered  to  have  arranged  itself  in  various  ways 
in  order  to  form  the  tar,  acetic  acid,  methyl  alcohol  and  gas.  For  examples 
of  the  possible  changes  the  following  are  given. 

1.  C4H20O10     =     2C2H4O2     +     6H2O. 

acetic  acid  water 

2.  C2H4O2     =     CH4O    +    CO. 

acetic  acid  wood  alcohol        carbon  monoxide 

3.  C2H4O2    =    CH4    +    CO2. 

acetic  acid  marsh  gas        carbon  dioxide 

4.  2C2H4O2   =     C3H0O     +    CO2     +     H2O. 

acetic  acid  acetone  carbon  dioxide  w.ii  j. 

5.  2(C3H,iO)     =     CoHioO     +     H2O. 

acetone  metacetone 

6.  C2B4O2     +     CO     =     C2H4O     +     CO2. 

acetic  acid  aldehyde 

7.  2(^H4     =     C2H2     +     Ho. 

methane  acetylene 

8.  IOCH4     =     CioHs     +     H32. 

naphthalene 

The  products  of  distillation  seem  to  be  water,  fatty  acids,  hydro- 
carbons, phenols,  giiaiacol,  alcohols,  aldehydes  and  ketones.  The  methyl 
group  seems  to  predominate.   The  method  of  decomposition  is  difficult  to 
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determine  and  at  present  the  yields  of  the  various  substances  are  the  only- 
guide.  These  vary  much  when  the  wood  is  heated  rapidly  and  the 
influence  of  local  heating  is  a  disturbing  factor.  An  increase  of  tem- 
perature inside  of  the  retort  over  that  in  the  furnace  indicates  that 
at  one  stage  of  the  distillation  at  least  heat  is  evolved  by  the  decomposition 
of  the  material  inside  of  the  retort.  The  analysis  of  the  wood  partly 
charred  leads  to  the  conclusion  that  while  some  of  the  acetic  acid  is  coming 
off  the  decomposition  takes  place  according  to  the  following  equation: 

(C6Hio05)2     =     2G4H6O3     +     2C2H4O2. 

partly  charred  wood  Ices 

The  gas  formed  at  the  same  time  comes  from  the  acetic  acid  as  in  2,  3,  4, 
6  and  7,  and  the  excess  water  from  the  moisture  still  present  in  the  wood. 

The  refined  products  are  made  in  accordance  with  better  known 
theories.     The  acetates  are  made  according  to  the  well-known  formula. 

ROH     +     CH3COOH     =     CH3COOR    +     H2O.  ' 

baao  acetic  acid  acetate  water 

The  wood  alcohol  is  refined  when  distilled,  according  to  the  theory 
pertaining  to  miscible  liquids,  which  in  the  case  of  alcohol  and  water 
would  be  that  the  boiling  point  is  higher  than  the  temperature  at  which 
the  sum  of  the  maximum  or  saturation  tensions  of  the  two  separate  vapon? 
is  equal  to  the  external  pressure  and  that  at  any  given  stage  of  the  dis- 
tillation, the  alcohol  is  more  abundant  in  the  vapor  than  in  the  mixed 
liquids  in  the  still.  Thus  the  percentage  of  alcohol  increases  with  repeatetj 
distillations. 

The  turpentine  distils  with  steam  according  to  the  law  of  immiscible 
Hquids,  which  states  that  distillation  will  take  place  at  the  temperature 
at  which  the  sum  of  their  vapor  pressures  is  greater  than  that  of  air.  The 
quantity  of  each  liquid  found  in  the  distillate  is  pr  portional  to  the  vapor 
density.  With  crude  liquors,  the  temperature  and  proportions  would  l>e 
different  because  the  impurities  may  or  may  not  be  immiscible  with  water 
and  the  system  w  uld  be  altered 

The  distillation  of  ^he  other  products  such  as  wood  oil  from  tar  is 
similar  to  that  of  turpentine,  but  the  system  is  comprised  of  three  sub- 
stances, tar  and  oil  miscible  with  each  other  in  nearly  all  proportions,  and 
water  which  is  not  miscible  with  either  the  tar  or  the  oil. 

Acetone  is  formed  l)y  the  destructive  distillation  of  acetate  of  Jime 
(or  other  acetate)  according  to  the  formula. 

(CH3CO.O)2Ca(CH3CO.O)2Ca=2(CH3.CO.CH3)+2(CaO.C02). 

The  destructive  distillation  of  the  tar  presents  more  difficulties  from 
a  theoretical  standpoint  than  that  of  wood.  The  substances  constituting 
it  are  more  varied  and  the  reactions  would  be  still  more  complex. 
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OII^,   FATS  AND  WAXES 
ALLEN  ROGERS 

Classification.  In  this  chapter  will  be  included  those  substances 
which  consist  primarily  of  the  higher  fatty  acids  in  combination  with 
glycerol,  thus  distinguishing  them  from  the  mineral  oils  described  in  Chap- 
ter XXIV.  From  their  physical  appearance  it  is  not  possible  to  give  a 
definite  classification  for  what  would  be  considered  a  solid  fat  in  a  temperate 
climate  might  be  a  liquid  in  a  warmer  locahty.  Roughly,  however,  we 
may  class  certain  ones  as  liquid  fats  or  oils,  and  others  as  solid  fats,  or 
fats.  There  is,  on  the  other  hand,  a  distinct  difference  between  fats 
(fatty  oils  and  soUd  fats),  and  waxes;  for  the  latter,  as  a  rule,  are  formed 
by  the  union  of  fatty  acids  with  alcohols  not  belonging  to  the 
glycerol  series. 

*^  The  most  convenient  classification  of  fats  (fatty  oils  and  solid  fats) 
for  practical  purposes,  appears  to  be  given  by  arranging  them  according 
to  the  magnitude  of  the  iodine  value.  This  principle  leads,  without  unduly 
forcing  it,  to  a  natural  subdivision  into  liquid  fats  and  solid  fats,  the  former 
being  differentiated  from  the  latter  by  the  considerably  higher  iodine  value. 
Hence,  an  arrangement  based  on  the  magnitude  of  the  iodine  value  would 
include  the  older  system  of  classification  according  to  consistency.  Inas- 
much as  the  magnitude  of  the  iodine  value  stands  in  close  relationship 
to  the  absorption  of  oxygen,  or,  in  other  words,  to  the  drying  power, 
classification  on  the  iodine  value  would  also  include  the  older  subdivision 
into  drying  and  non-drying  oils.'*  (Lewkowitsch.) 

Arranged  in  this  manner  are  the  following  subdivisions: 

I.  Liquid  Fats  and  Fatty  Oils, 

A.  Vegetable  oils  B.  Animal  oils 

1.  Drying  oils  1.  Marine  animal  oils 

2.  Semi-drying  oils  (a)  Fish  oils- 

3.  Non-drying  oils  (6)  Liver  oils 

(c)  Blubber  oils 
2.  Terrestrial  animal  oils 
II.  Solid  Fats. 

A,  Vegetable  fats  B.  Animal  fats 

1 .  Drying  fats 

2.  Non-drying  fats 

•  545. 
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III.  Waxes^ 

A .  Liquid  waxes  B.  Solid  waxes 

1.  Vegetable  waxes 

2.  Animal  waxes 

Constitution  of  the  Fats.  The  fats  are  combinations  of  glycerol  with 
fatty  acids.  Glycerol  being  a  tri-hydric  alcohol  will  combine  with  one, 
two,  or  three  acid  radials,  thus  forming  mono-glycerides,  di-glycerides, 
and  tri-glycerides.  The  last  class,  however,  is  the  most  important,  as  it 
is  this  condition  which  is  supposed  to  exist  in  the  neutral  fats.  The  fol- 
lowing graphic  formulas  will  more  clearly  emphasize  the  three  possible 
combinations: 

H 


Monostearin,  C17H35COO— C-H 


Distearin. 


HO- 
HO 

-C— H 
C    H 

H 
H 

C17H35COO- 

C^    H 

1 

C17H35COO- 

1 

-C— H 

HO— C— H 

I 
H 

H 

I 
Tristearin.         C17H33COO— C— H 

I 
C17H35COO— C— H 

C17H33COO— C— H 

I 

H 

It  will  be  seen  that  not  only  is  it  possible  to  have  compounds  in  which 
one  acid  enters  into  the  combination,  but  also  others,  known  as  mixed 
glycerides,  in  which  two  or  eventhree  different  acid  radicles  may  be  joined 
to  one  glycerol  group.  This  is  thought  by  some  to  account  for  the  fact 
that  practically  all  of  the  common  oils  are  mixtures,  rather  than  simple 
esters.  Our  present  knowledge,  however,  does  not  warrant  any  definite 
conclusion  in  this  matter. 

The  fatty  acids  occurring  in  the  more  common  oils,  together  with  a 
few  of  their  constants,  will  be  found  in  the  table  on  page  547. 
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SATURATED  ACIDS:  CaHjn+lCOOH 


Acid. 


Formula. 


Butyric . . 
isovaleric. 
Caproic. . 
C'aprylic.  . 
Capric. . . 
I^uric . . . 
Myristic. . 
Palmetic . 
Stearic . . . 
Cerotic . . . 


C3H7COOH 
C4H,C00H 
CsHnCOOH 
C:HuC(X)H 
C,H,.CO()H 
C11H21COOH 
C»H.;COOH 
CsHaiCOOH 
CiTHttCOOH 

CaaHjiCOOH 


c° 

Sp.  Gr. 

Melting 
Point  C°. 

Ref.  IniexC^ 

20 

0.959 

-6.5 

1.3990  at  20 

20 

0.931 
0.924 

-51 

-8 

20 

1.4163  ''  20 

20 

0.910 

16.5 

1.4282  ''  '20 

40 

0.8858 

31.4 

1.4285  ''  40 

20 

0.883 

43.6 

1.4266  "  40 

60 

0.8584 

53.8 

1.4307  "  60 

60 

0.8527 

62.6 

1.4269  '*  80 

80 

0.8386 

69.3 

1.4300  *'  80 

79 

0.8359 

78 

Unsaturated  Acids,  CnHan-iCOOH 


Tiglic ;      C4H;C00H 

Oleic '     Ci7H,3COOH 

Erucic !      CH^iCOOH 


0.9641 

0.898 


64.5 

14 

34 


1.46a3 


Other  Unsaturated  Acids 
Linoleic '     C,  H„COOH     1      14     0.9206 


Linolenic Cfl^COOH 

Ilioinoleic I  CHa^OHCOOH 


0.9228 
15.5     0.9509 


The  fatty  acids  are  all  lighter  in  weight  than  water.  Those  having 
less  than  ten  carbon  atoms  may  be  distilled,  and  are  known  as  the  volatile 
fatty  acids.  Those  containing  more  than  ten  carbons  cannot  be  distilled 
without  decomposition  and  are  known  as  non- volatile  fatty  acids.  The 
oils  containing  the  saturated  acids  do  not  undergo  any  change  when  exposed 
to  the  air.  On  the  other  hand  those  which  contain  the  unsaturated  acids 
become  gummy,  and  in  certain  instances  when  exposed  in  thin  layers 
form  dry,  hard  films.  This  change  is  called  dr>dng,  and  is  most  marked 
in  the  case  of  those  oils  containing  glycerides  of  linoleic,  linolenic,  and 
ricinoleic  acids. 

Liquid  Fats 

Vegetable  Ofls.  The  usual  method  of  obtaining  the  oils  is  by  crush- 
ing that  part  of  the  plant  richest  in  oil,  and  subsequently  pressing  the  ground 
pulp  thus  obtained.  Extraction  with  benzine  or  other  solvent  is  also 
employed.  The  crushing  may  be  secured  by  means  of  the  edge-runner, 
Fig.  6,  or  by  means  of  heavy  steel  rollers  arranged  in  vertical  series. 
The  crushed  material  is  then  placed  in  canvas  bags,  and  subjected  to 
hydraulic  pressure.  The  first  pressing  is  usually  done  in  the  cold  as  a 
lighter  color,  and  better  quality  is  thus  obtained.  During  the  second 
pressing  the  pulp  is  heated  thereby  producing  a  larger  yield,  but  of  an  infe- 
rior quality.  By  further  beating  a  final  oil  is  obtained  known  commercially 
as  *'  foots."  The  extraction  process  consists  in  treating  the  ground  pulp 
contained  in  closed  vessels,  with  benzine,  naphtha  or  other  solvents. 
The  extract  is  subjected   to   distillation  in  order  to  recover  the  vsolvent. 
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leaving  the  fats  in  the  still.  Although  this  method  gives  a  larger  yield 
than  is  possible  by  pressing,  it  is  not  generally  employed  on  account  of 
the  risk  from  fire,  the  cost  of  installation,  and  impossibility  of  using  the 
press  cake  as  a  cattle  food. 

Vegetable  Drying  Oils.  Drying  o5)s  are  characterized  by  their  ix)wer 
to  absorb  oxygen  from  the  air,  thus  forming  an  elastic  film.  The  amount 
of  this  absorption  is  in  proportion  to  the  iodine  value;  so  that  we  may 
ea.sily  judge  of  the  drying  quality  of  an  oil  from  its  iodine  number. 

TABLE  OF  CONTENTS  FOR  DRYING  OILS 


Name  of  Oil. 


Yield  from 

Seed 
Per  Cent. 


Specific  Gravity. 


Perilla 35.8 

Linseed .38-40 

Tung 40-41 

Hemp 30-.3.5 

Poppy i  41-.50 


Sunflower.  .  . 
'I'obacco  seed 


21-22 
38-40 


0  9306  20*^0 

0.9315-45  ,  15°C 

0.9360-432  IS^'C 

0.9255-80  15**C 

0.9240-70  IS^'C 

0.9240-.58  15**C 

0.9232  15°C 


Saponifi- 
cation 
Value. 


Iodine 
Value. 


Refractive  Index. 


189.6       206.1 
192-195  171-201 


193. 

192.5 

195. 

193.5 

170. 


150-165 

148 

133-143 

119-135 

118.6 


1.4835 
1.5030 
1.4780 
1.4586 
1.4611 


19°C 
15  5°C 
60  °C 
60°C 


Perilla  Oil.  This  oil  occurs  to  the  extent  of  35.8  per  cent  in  the  nuts 
of  the  Perilla  ocymordeSy  a  plant  indigenous  to  East  India,  Manchuria, 
and  Japan.'  It  has  tJie  highest  iodine  value  of  any  known  oil,  and  in  odor 
and  taste  resembles  linseed  oil.  Its  drj'ing  quality,  however,  Is  inferior 
to  linseed  oil,  due  to  its  peculiar  property  of  forming  drops  when  spread 
on  a  hard  surface. 

Linseed  Oil.  This  oil  has  been  discussed,  with  other  drying  oils  in 
Chapter  XVIII.  It  is  obtained  from  the  seeds  of  the  flax  plant,  grown 
extensively  in  Russia,  India,  Argentina,  Canada  and  the  United  .States. 
On  cold  pressing,  a  light  yellow  oil  is  obtained  used  to  a  limitetl  extent 
as  an  edible  oil.  By  far  the  greatest  quantity,  however,  is  used  in  the 
manufacture  of  paint  and  varnish.  The  chemical  composition  of  linseed 
oil  is  not  well  known,  although  indications  point  to  about  10  per  cent  of 
glycerides  of  solid  fatty  acids,  equal  parts  palmetic  and  myristic  acids. 
The  liquid  glycerides  consist  of  5  per  cent  of  oleic  acid,  15  per  cent  of 
linoleic  acid,  15  per  cent  of  Jinolenic  acid,  and  65  per  cent  of  isolinolenic 
acid. 

Tung  Oil.  This  oil  is  sometimes  spoken  of  as  "Chinese  Wood  Oil." 
It  is  obtained  from  the  seeds  olAleuriter  cordata,  a  tree  indigenous  to  China 
and  Japan.  The  oil  varies  to  some  extent  according  to  its  source.  The 
seeds  are  usually  roasted,  broken  into  a  powder  and  pressed.  The  cold 
pressed  oil  is  pale  yellow,  and  is  known  in  the  trade  as  "  white  tung  oil.*' 
That  resulting  from  hot  pressing  is  dark  in  color,  and  termed  "  black 
tung  oil.'*  Its  principle  use  is  in  paint  and  varnish  manufacture,  lis 
chemical  constitution  differs  from  linseed  in  that  it  consists  almost  wholly 
of  glycerides  of  oleic  and  elaeomargaric  acids. 
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Hemp  Seed  Oil,  The  source  of  this  oil  is  the  hemp  plant,  Cannabis 
sativa.  The  color  of  the  fresh  oil  is  light  green,  becoming  brownish  yellow 
on  standing.  The  solid  glycerides  of  hemp  oil  are  claimed  to  be  those  of 
stearic  and  palmitic  acids.  The  liquid  glycerides  contain  linoleic.  oleic, 
linolenic,  and  isolinolenic  acids.  It  is  used  as  a  paint  oil,  for  making  soft 
soaps,  and  low  grades  are  employed  for  certain  varnishes. 

Poppy  Oih  To  obtain  this  oil  the  seeds  are  pressed  cold,  thus  pro- 
ducing a  product  almost  colorless,  or  very  pale  golden  yellow,  known  in 
the  tratle  as  **  white  poppy  seed  oil."  That  expressed  at  a  higher  tem- 
perature is  known  as  **  red  poppy  seed  oil."  It  is  cultivated  largely  in 
Asia  Minor,  Persia,  India,  Eg}^pt,  and  Russia.  It  is  used  largely  as  a 
salad  oil,  and  in  the  manufacture  of  artists  colors. 

Sunflower  Oil.  This  oil  is  obtained  from  the  seeds  of  the  Helianihus 
annuxis.  It  is  of  a  mild  taste,  pleasant  odor,  and  a  pale  yellow  color.  It 
is  raised  extensively  in  Russia,  Hungary,  India,  and  China.  It  is  employed 
in  soap  making,  and  for  the  manufacture  of  varnish.  This  oil  does  not 
dry  as  readily  as  those  previously  mentioned. 

Tobacco  Seed  Oil.  The  oil  obtained  from  the  seed  of  the  tobacco 
plant  is  of  a  pale  greenish  yellow  color,  and  dries  very  readily.  On  account 
of  its  high  price  it  has  never  found  any  commercial  application. 

Vegetable  Semi-drying  Oils.  These  oils  form  a  connecting  link 
between  the  drying  oils  and  the  non-drying  oils,  although  it  is  difficult 
to  say  to  which  class  they  belong.  Chemically  they  differ  from  the  drying 
oils  by  the  absence  of  linolenic  acids;  and  from  the  non-drj'ing  oils  by  the 
linoleic  acid  they  contain. 

TABLE  OF  CONSTANTS  FOR  SEMI-DRYING  OILS 


Name  of  Oil. 


Yield  from 
See<l,      I 
Per  Cent. 


Specific    Gravity 


Soja  bean 18 

I'umpkin  seed.  .  35-37 

Corn 6-10 

Cotton  seed.  .  .  24.26 

S<»sanie .50-57 

Croton 53-56 

Rai)e 33-43 

Castor 46-53 


10.9242-70  15°C 
0.9237  !  15°C 
0.9213-55  15. 5  °C 
0.9220  I  15°C 
0.9230-37  15°C 
0.9500  15°C 

0.9132-68  15. 5°C 
0.9600-79  15.5*^0 


Saponifi- 

Iodine 

cation 
Value. 

Value. 

192.7 

121.7 

188.4 

123-130 

188-193 

113-125 

193-195 

108-110 

189-193 

103-108 

210-225 

102-104 

170-179 

94-102 

183-186 

83-86 

Refractive 

Index. 

1 . 4762 

15.5°C 

1 . 4723-38 

25  °C 

1 . 4750-70 

15.5°C 

1 . 4743-52 

15°C 

1 . 4748-62 

15°C 

1.4768 

27  °C 

1 . 4720-57 

15°C 

1.4799 

15°C 

Soja  Bean  Oil.  This  oil  is  also  known  as  soy  bean  oil.  It  is  obtained 
from  the  seeds  of  several  varieties  of  the  Soja  hispida,  a  plant  growing  in 
China,  Manchuria  and  Japan.  The  oil  is  mostly  employed  for  edible  pur- 
pases,  although  recently  its  use  as  a  paint  and  soap  oil  is  being  considered. 

Pumpkin  Seed  Oil.  In  South  Russia  the  seeds  of  the  Cucurbito  pepo 
are  roasted,  and  the  oil  expressed  in  the  hot  condition.  This  produces  a 
viscous  product  of  a  deep  red  color.     The  cold  pressed  oil  has  a  greenish 
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color  and  a  slight  red  fluorescence.     The  cold  pressed  oil  is  used  for  eilihle 
purposes,  while  the  inferior  grades  serv^e  as  burning  oils. 

Corn  Oil.  This  oil  is  obtained  from  the  germ  of  the  maize  plant, 
Zea  mays,  during  the  manufacture  of  com  starch.  The  freshly  prepared 
oil  has  a  pale  yellow  color,  and  may  be  readily  identified  by  its  ta-stc 
which  is  similar  to  that  of  com  meal.  It  is  coming  into  quite  extensive 
use  in  the  manufacture  of  soap  and  to  a  more  limited  degree  in  the  man- 
ufacture of  paint. 

Cotton  Seed  Oil,  This  oil  is  obtained  from  the  seed  of  the  cotton 
plant,  extensively  cultivated  in  the  United  States,  Egypt,  East  India, 
and  other  countries.  The  oil  as  it  comes  from  the  hydraulic  press  is  dark  or 
almost  black.  To  remove  this  color  the  oil  is  treated  with  a  small  amount 
of  dilute  caustic  soda  solution  which  combines  with  the  coloring  matter 
and  free  fatty  acids.  On  standing  the  soap  formed  settles  out,  lea\dng 
a  slightly  yellow  supernatant  oil.  This  oil  is  then  drawn  ofT  and  wa^shed 
with  warm  water.  For  commercial  purposes  the  darker  product  is  usually 
bleached  with  chloride  of  lime  and  mineral  acid,  then  thorough!}'  washed. 

The  market  brands  "  summer  oil  '*  and  "  winter  oil  "  differ  from  each 
other  in  that  the  latter  has  most  of  the  stearine  removed;  so  that  the  oil 
does  not  solidify  during  the  colder  months.  Winter  oil  is  sometimes 
spoken  of  as  "  demargarinated."  The  "  cotton  seed  stearine  "  is  of  a 
light  yellow  color  of  the  consistency  of  butter.  It  is  manufactured  on  a 
very  extensive  scale  in  this  country  by  cooling  the  oil,  filtering  off  the  solid 
deposit  and  pressing. 

Cotton  seed  oil  is  used  in  large  quantities  for  edible  purposes,  but  owing 
to  popular  prejudice  it  seldom  appears  under  its  true  name.  We  may  find 
it  on  the  open  market  as  "  table  oil,"  *'  salad  oil,"  "  sweet  nut  oil  "  as  well 
as  a  score  of  other  designations.  Large  quantities  of  the  cotton  seed 
stearine  are  employed  in  the  manufacture  of  '*  oleomargarine,"  butter 
compounds,  butter  substitutes,  lard  compounds,  and  lard  substitutes^. 
Cotton  seed  oil  being  cheap  is  often  used  as  an  adulterant  for  the  more 
expensive  oils,  such  as  olive,  peanut  and  other  edible  oils.  Its  chief  ils*», 
however,  is  in  the  manufacture  of  toilet  and  laundry  soaps. 

Sesame  Oil,  This  oil  is  obtained  from  Sesamum  orieniale,  extensively 
grown  in  India,  China,  Japan,  the  Levant,  and  West  Africa.  The  eoKi 
pressed  oil  is  of  a  light  yellow  color,  with  a  pleasant  taste,  so  that  it  is  useti 
to  some  extent  for  edible  purposes.  The  hot  pressed  oil  is  used  largely  in 
soap  making. 

Croton  Oil.  Croton  oil  is  obtained  from  the  seeds  of  Croton  tiglum, 
a  tree  grown  on  the  Malabou  Coast,  in  Southern  Asia,  and  in  China. 
The  oil  varies  in  color  from  yellow,  orange,  or  brown  according  to  age- 
It  has  a  nauseating  odor,  a  burning  taste,  and  a  very  powerful  purgative 
action.     Its  chief  use  is  in  pharmaceutical  preparations. 

Rape  Oil,  There  are  several  varieties  of  this  oil,  depending  upon  the  place 
of  cultivation.  The  oil  is  obtained  from  the  seeds  of  Brassica  campestris. 
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Castor  Oil.  This  oil  is  obtained  from  the  seeds  of  Ricinus  communis, 
a  plant  grown  extensively  in  East  India,  Java,  the  Mediterranean  coun- 
tries, and  the  United  States.  The  cold  pressed  oil  is  used  for  medicinal 
purposes.  The  lower  grades  are  used  very  extensively  in  manufacturing 
operations,  such  as  leather  dressings,  and  in  the  sulphonated  condition  Ls 
known  as  *'  soluble  oil  '^  or  **  Turkey  red  oil/'  Castor  oil  is  a  colorless 
or  pale  greenish  oil  with  a  mild  taste. 

Vegetable  Non-drying  Oils,  The  oils  in  this  class  have  a  lower  iodine 
number  than  those  of  the  two  preceding  classes.  They  do  not  become 
gummy  when  exposed  to  the  air  at  ordinary  temperature;  although  they 
all  thicken  on  heating. 


Name  of  Oil. 


Peach  kernel 
Almond .... 
Peanut.  . . . , 

Olive 

Olive  kernel. 


Yiohi  from 
Per  Cent. 


32 .  35 
45-55 
43 .  45 
40-60 
12-15 


Specific  Gravity. 


Saponifi- 
cation 
Value. 


lodino 
Value. 


Refractive  Index. 


0.918    15°C   191.5  I  93.3-  I  1.4713   L^'^C 
0.9215  !  i  100.3  ! 


0.9175  I  15°C   199.3  ,  100.7 


1.4731    15.5**C 


0.9195  ; 

0.9170-  I  15°C   191.3  ;  94.7  i  1.4766   15.o°C 

0.9209 

15°C  I  185-196     79-88 


I 


0.916-18 

0.9184- 
0.9191 


15°C 


183 


87.4 


1.4698-      15°C 

1.4716 

1.4682        25°C 


Peach  Kernel  Oil.  This  oil  is  obtained  from  the  kernel  of  the  peach, 
is  of  a  pale  yellow  color,  and  greatly  resembles  almond  oil.  Its  chief  use 
is  as  an  adulterant  for  almond  oil. 

Almond  Oil.  Almond  oil  is  expressed  from  bitter  almonds,  which 
yield  more  oil  than  sweet  almonds,  although  both  oils  are  practically 
identical  The  source  of  this  oil  is  Morocco,  Canary  Islands,  Portugal, 
Spain,  France,  Italy,  Sicily,  Syria,  and  Persia.  Its  chief  use  is  in  pharma- 
ceutical preparations. 

Peanut  Oil.  This  product  is  also  known  as  earthnut  oil  and  arachis 
oil.  It  is  obtained  from  the  seeds  of  Arachis  hypogaea^  commonly  known 
as  peanut,  ft  is  largely  cultivated  on  the  Wcvst  Coast  of  Africa,  India, 
and  the  United  States.  The  nuts  are  shelled,  the  inner  red  skin  separated 
as  completely  as  possible  from  the  true  kernel.  The  kernels  are  then 
pressed.  The  cold-pressed  oil  is  nearly  colorless,  has  a  pleasant  flavor 
and  is  largely  used  as  a  salad  oil.  The  inferior  qualities  are  used  in  soap 
making. 

Olive  Oil.  The  oil  is  prepared  from  the  fruit  of  the  olive  tree,  both  by 
expression  and  extraction.  The  commercial  product  varies  from  color- 
less to  golden  yellow  and  dark  green,  according  to  the  variety  of  tree, 
degree  of  ripeness,  manner  of  gathering,  and  method  of  expression.  *' Virgin 
oil,''  considered  the  best  quality  for  e(li})le  purposes,  is  obtained  from  the 
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hand-picked  fruit,  b}'  crushing  in  such  a  manner  sm  not  to  break  the  kernel. 
The  pulp  is  then  treated  with  water  and  pressed  again.  By  this  process 
salad  oils  are  obtained.  The  pulp  is  then  removed  from  the  press,  treated 
with  hot  water  and  again  subjected  to  hydraulic  pressure;  the  oil  obtained 
being  employed  for  lubricating,  soap  making,  and  for  other  technical 
purposes.  The  final  expression  comes  into  the  market  as  "  olive  oil 
foots,"  extensively  employed  in  the  manufacture  of  '*  castile  '*  soap 

Olive  Kernel  Oil.  This  oil  is  obtained  by  pressing  or  extracting  the 
seeds  from  olive  stones.  The  cold-pressed  oil  is  golden  yellow  in  color, 
while  the  hot-pressed  oil  has  a  greenish  cast.  The  extracted  oil  is  dark 
green  in  color,  probably  due  to  the  presence  of  chlorophyll.  This  oil  in  a 
way  is  the  by-product  in  the  manufacture  of  olive  oil,  and  resembles  it 
very  closely  in  all  of  its  properties. 

Animal  Oils.  These  oils  are  obtained  by  heating  the  fatty  matter  with 
live  or  dry  steam  in  open  kettles  or  closed  digesters;  the  old  method  of 
heating  over  the  open  fire  has  become  almost  extinct.  One  of  the  most 
modem  processes  consists  in  heating  the  stock  with  water,  at  a  pressure 
sufficiently  high  to  cause  a  complete  separation,  but  not  high  enougli 
to  decompose  the  stock.  When  this  "  rendering  "  is  complete  the  contents 
of  the  digester  is  filtered  to  remove  solid  matter,  and  the  liquid  pK)rtioii 
allowed  to  stand  so  that  the  oil  may  rise  to  the  top.  The  liquid  portion 
remaining  after  the  oil  has  been  removed,  may  be  used  again,  or  may  l>e 
concentrated  for  use  as  glue  stock.  The  solid  matter  is  usually  dried  and  sokl 
as  a  filler  for  use  in  fertilizers.  In  some  forms  of  rendering  tanks  the  oil  is 
allowed  to  rise  to  the  top,  where  it  is  removed  by  tap  valves  along  the 
side.  The  oil  obtained  by  the  above  methods  is  usually  sufficiently  pure 
for  commercial  purposes.  If  it  is  to  be  used  for  edible  purposes,  it  Is 
customary  to  further  purify  it  by  bleaching.  This  is  accomplished  by 
passing  the  oil  or  fat  through  bone-black  or  Fuller's  earth. 

Animal  oils  may  be  divided  into  two  classes : 

1.  Marine  animal  oils,  2.  Terrestrial  animal  oils. 

Marine  Animal  Oils.  The  marine  animal  oils  are  characterized  h\' 
their  high  iodine  values,  which  in  a  way  resemble  the  vegetable  drving 
oils.  As  with  vegetable  oils,  we  have  a  gradual  lowering  of  the  iodine 
value  through  drying,  semi-drj4ng,  and  non-drjdng  oils,  until  we  approach 
the  constitution  of  the  terrestrial  animal  oils.  Tlie  members  of  this  class 
of  oils  are  liquids  at  the  ordinary  temperature,  and  will  be  considered  under 
the  three  following  groups: 

Fish  oils  Liver  oils  Blubber  oils 

Fish  Oils.  The  fish  oils  are  obtained  from  various  parts  of  the  body 
of  such  fish  as  menhaden,  herring,  sardine,  salmon,  etc.  The  fish,  or  oily 
portion  is  placed  in  rendering  tanks,  boiled  and  the  oil  drawn  off  from  the 
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top.  The  soluble  portion  is  used  for  making  fish  glue,  isinglass,  and  the 
solid  portion  sold  as  a  fertilizer  under  the  name  of  fish  scrap. 

TABLE  OF  CONSTANTS  FOR  SOME  COMMON  FISH  OILS 


Name  of  Oil. 


Specific  Gravity. 


Menhaden 0.927-0.933  ,  15.5°C 

Sardine 0.933  '   L5     X 

Salmon 0.9258  I  15.5°C 


Saponifi- 
cation 
Value. 


Iodine 
Value. 


Refractive  Index. 


190.6 


182.8 


139-173 

161-193 

161.4 


1.480 
1.479 


15**C 
15^C 


Menhaden  Oil.  This  oil  is  prepared  from  the  body  of  the  fish,  which 
in  appearance  resembles  herring,  although  it  is  somewhat  larger.  From 
May  until  November  large  quantities  of  these  fish  are  caught  off  the 
New  Jersey  Coast.  The  fish  are  brought  in  by  the  fishing  steamers,  and 
delivered  directly  to  the  boiling  pans.  The  resulting  oils  come  into  the 
market  as:  *'  prime  crude,"  "  brown  strained,"  "  light  strained,"  "bleached 
winter  oil,"  and  "  bleached  winter  white  oil."  Its  principal  use  is  in  the 
currying  of  leather,  and  in  the  manufacture  of  degras  and  sod  oils.  It  Ls 
also  employed  as  an  adulterant  for  cod  liver  oil,  and  is  used  to  a  limited 
extent  in  paint. 

Sardine  Oil.  This  oil  Ls  obtained  in  the  preparation  of  canned  sardines. 
It  is  also  made  on  a  large  scale  in  Japan  by  chopping  the  fish  and  sub- 
jecting them  to  boiling  and  pressing. 

Salmon  Oil.  This  oil  is  obtained  on  a  large  scale  as  a  by-product  in 
the  canning  industry  of  British  Columbia.  It  is  of  a  pale  golden  yellow 
color,  with  very  little  odor,  and  not  unpleasant  taste. 

Liver  Oils.  As  the  name  implies,  these  oils  are  obtained  from  the  liver 
of  various  species  of  fish.  They  form  a  natural  group  which  is  character- 
ized by  the  large  amount  of  cholesterol,  and  other  biliary  substances 
present  in  them.  The  iodine  values  bring  them  between  the  fish  and 
])lubber  oils. 

CONSTANTS   FOR   LIVER   OILS 


Name  of  Oil. 


Cod  liver 

Haddock  liver. 
Shark  liver.  .  . 


Specific  Gravity. 


Saponi- 
fication 
Value. 


Iodine 
Value. 


Refractive  Index. 


0.9210-70 

15°C 

0.9298 

15°C 

0.9163 

Uy^C 

171-189 

188.8 
161 


167 
154.2 
111.6 


1 . 4800-52 


15^C 


Cod  Liver  Oil.  There  are  many  grades  of  cod  liver  oil  on  the  market, 
obtained  in  various  ways  from  the  liver  of  the  cod  fish.  The  purest  form 
of  oil  for  medicinal  purposes  is  that  prepared  from  fish  which  are  brought 
ashore  alive.  The  livers  are  heated  in  jacketed  kettles,  the  resulting 
oil  being  known  as  "  steamed  liver  oil."    When  it  is  impossible  to  bring 


in  tlio  live  fish,  they  are  opened  and  flie  livers  collected-  IVovided  no 
decomposition  has  taken  place  the  oil  obtained  from  this  stock  is  known 
as  "j)ale  cod  liver  oil"  and  is  used  to  some  extent  for  pharmaceutical  pur- 
poses. As  often  happens  these  livers  are  landed  in  a  more  or  leas  putrid 
condition,  so  that  the  oil  from  them  becomes  unfit  for  medicinal  use,  and 
is  known  as  "  light  brown  oil."  Should  the  product  become  very  putrid 
the  resulting  oil  is  known  as  "  brown  oil.'  The  oil  not  suitable  for  medi- 
cinal purposes  is  used  in  the  currying  of  leather  under  the  name  of  "  cod 
oil." 

Cod  liver  oil  contains  quite  an  amount  of  stearine  which,  to  a  great 
extent,  settles  out  on  standing.  Oils  which  have  been  freetl  from  stearine 
are  known  as  "  raked  "  oils. 

Shark  Liver  Oil.  This  oil  is  used  to  some  extent  as  an  adulterant  of 
cod  liver  oil;  it  is  obtained  in  a  manner  very  similar  to  that  employed 
for  cotl  oil.  It  is  al.so  useil  in  the  leather  industrj'.  The  oil  appears  on 
the  market  as  "  yellow  strained,"  "  red,"  "  yellow,"  "  yellow  reil,"  "  Japan- 
CNe,"  "  crude,"  and  "  refined." 

Haddock  Liver  Oil.  The  oil  from  haddock  liver  closely  resembles 
cwl  liver  oil,  to  which  it  is  adiletl  to  quite  an  extent  as  an  ailulterant. 

Blubber  Oils.  Under  this  heatling  will  be  included  those  oils  obtained 
from  the  blubber  of  various  fish.  They  differ  from  each  other  quite 
widely  in  their  chemical  composition.  In  some  cases  glycerides  of  non- 
volatile acids,  and  in  other  cases  glycerities  of  volatile  acids,  thus  forming 
a  link  between  the  liquid  oils  and  the  liquid  waxes, 

CONRT.^NTS    OF  SOME  BLUBBER  OILS 


X... 

.,OiU 

1         Siiprific  Or 

■*- 

1  ,rl";. 

vil;;" 

n..<™.iv. 

Ind^i. 

-_-,, 

15°C 

1    IKB-HKl 
IH8 

'    i«7.;i 
111.") 

12T-I41 
121-136  j 
09.5 

1 

Whalp... 
IMpllin-  - 
I'oritoiEw, . 

Sial  Oil.  This  oil  is  obtained  from  the  blubber  of  the  seal.  It  varies 
in  quality  depending  upon  the  method  of  extraction,  and  the  length  of 
time  the  oil  has  been  left  in  contact  with  the  animal  tissue.  The  following 
brands  appear  on  the  market:  "water  white,"  "  straw  .seal,"  "  yellow 
seal,"  "  and  brown  seal."  The  last  named  oil  is  the  result  of  long  contact 
with  animal  matter  and  extraction  at  high  temperatures. 

Whale  Oil.  Formerly  the  whale  blubber  was  worked  up  on  board  the 
whaler,  but  now  it  is  generally  brought  into  the  "  trying  "  station.  The 
Idubber  is  stripped  from  the  flesh  as  completely  a-s  possible  immediately 
when  it  arrives  at  the  works.  It  is  cut  into  strips,  deliveretl  to  the  melting 
pan,  and  boileil  with  steam.  The  l)est  quality  of  the  oil  is  that  which 
melts  at  the  lowest  temperature.     It  is  of  a  pale  yellow  color,  and  is  known 
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in  the  trade  as  *'  whale  oil,  No.  0.^'  On  further  heating  the  next  quality, 
"  whale  oil  No.  1,"  is  obtained,  which  is  a  little  darker  in  color,  and  has  more 
of  a  fishy  odor  than  No.  0.  The  residue  in  the  pan,  together  with  the  flesh 
of  the  whale,  is  heated  in  a  digester  under  pressure  of  about  50  lbs.  to  the 
square  inch.  In  this  way  "  whale  oil  No.  2  "  is  obtained,  which  is  of  a 
brown  color,  and  strong  fishy  odor.  When  the  bones  are  worked  up  an 
oil  is  obtained  known  as  "  whale  oil  No.  3."  This  oil  is  darker  than  No.  2 
and  has  a  very  strong  odor.  From  the  flesh  which  has  undergone  putre- 
faction *  Vhale  oil  No.  4  '  is  obtained,  this  is  still  darker  in  color  and  has 
a  very  objectionable  odor.  The  water  white  and  pale  brands  of  whale 
oil  are  used  for  burning,  and  for  soap  making,  the  brown  quality  being 
used  for  leather  dressings. 

Dolphin  Oil.  The  oil  obtained  from  the  blubber  of  the  black  fish, 
in  its  chemical  composition,  is  intermediate  between  whale  oil,  a  glyceride, 
and  sperm  oil,  a  wax.  There  are  two  varieties  of  this  oil,  body  oil  and  jaw 
oil.  Both  are  of  a  pale  yellow  color,  and  contain  large  amounts  of  glycer- 
ides  of  volatile  fatty  acids.  On  standing  it  deposits  spermaceti.  It  is 
used  for  lubricating  fine  machinery;  such  as  watches,  and  other  delicate 
instruments. 

Porpoise  Oil,  This  oil  is  obtained  by  boiling  the  entire  tissue  of  the 
brown  porpoise ;  it  is  of  a  pale  yellow  color,  and  consists  of  the  glycerides 
of  valeric,  palmetic,  stearic,  and  oleic  acids.  There  are  two  varieties  of 
the  oil,  body  oil,  and  jaw  oil.     It  is  used  as  a  lubricant  for  delicate  machines. 

Terrestrial  Animal  Oils.  The  oils  of  this  class  have  a  low  iodine  num- 
ber, and  therefore,  belong  to  the  non-drying  oils. 

CONSTANTS  FOR  TERRESTRIAL  ANIMAL  OILS 


Name  of  Oil. 


Specific  Gravity 


Sho(»p's  foot .  .  . 
Horse's  foot.  .  . 
Neut's  foot .  .  . , 

Kkk 

Lard  oil 

Tallow  oil 


0.9175 

0.913-27 

0.914-16 

0.9144 

0.916 

0.794 


15^0 
15°C 
15^C 
15°C 
15°C 
1()0°C 


Saponification 
\'alii<*. 


194 . 7 
195.9 
194.3 
184.4-190.2 
193 


Iodine  VhIiic. 


Refractive  Index. 


74.2 

73 . S-90 
69.3-70.4 
68.5-81.6 

73 
55 . 8-56 . 7 


1.4713        25°C 


Sheep' a  Foot  OH.  This  oil  is  obtained  from  the  feet  of  sheep  in  very 
much  the  same  manner  as  described  for  neat\s  foot  oil,  it  being  similar 
to  neat's  foot  oil,  and  is  usually  sold  as  such. 

Horse's  Foot  Oil.  As  a  rule  this  oil  is  never  placed  on  the  market  under 
its  true  name,  but  is  usually  mixed  with  sheep's  foot,  or  neat's  foot  oil. 
What  is  sold  as  horse  oil  is  the  liquid  portion  of  horse  fat. 

NcaVs  Foot  Oil.  This  oil  is  obtained  by  boiling  the  feet  of  cattle  with 
water.  It  is  of  a  pale  yellow  color  and  free  from  odor.  The  commercial 
product  usually  contains  small  amounts  of  sheep's  foot  and  horses'  foot 
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oils.  On  account  of  the  high  price  of  neat^s  foot  oil  it  is  often  adulterated 
with  vegetable,  fish,  or  mineral  oils.  The  most  common  adulterants  are 
rape  oil,  cotton  seeti  oil,  corn  oil,  menhaden  or  other  fish  oils,  and  mineral 
oil.  True  neat's  foot  oil  is  an  excellent  lubricating  oil,  but  its  chief  appli- 
cation is  in  the  manufacture  of  leather. 

Egg  Oil.  This  oil  may  be  obtained  by  pressure  or  extraction  from  the 
hard  boiled  yolk  of  hen's  eggs.  The  pressed  oil  has  a  yellow  color,  while 
the  extracted  oil  is  of  an  orange  shade.  The  nature  of  the  solvent  largely 
influences  the  properties  of  the  oil  obtained;  those  most  commonly  use<l 
being  ether  and  petroleum  ether.  In  the  form  of  egg-yolk  it  has  very 
valuable  properties  in  certain  tanning  operations. 

Lard  Oil,  This  oil  is  obtained  by  subjecting  lard  to  hydraulic  pressure. 
The  quality  of  the  oil  varies  greatly  according  to  the  pressure  and  temper- 
ature maintained;  hence,  the  constants  will  vary  within  a  considerable 
range.    Its  principal  use  is  as  a  lubricant,  and  in  cutting  oils. 

Tallow  Oil.  The  processes  of  manufacture  and  the  properties  of  this 
oil  are  similar  to  lard  oil.    As  its  name  signifies  it  is  derived  from  tallow. 

Solid  Fats 

Vegetable  Fats.  To  this  class  of  fats  belong  those  which  remain  solid 
at  the  ordinary  temperature.  Thej^  differ,  however,  very  greatly  in  con- 
sistency, ranging  from  soft  to  very  hard.  This  variation  in  hardness  is 
dependent  upon  the  amount  of  glycerides  of  oleic  and  linoleic  acids  present ; 
the  smaller  the  amount  of  these  glycerides  the  harder  the  fat. 


CONSTANTS  FOR  VEGETABLE  FATS 


Name  of  Fat. 


Specific  Gravity. 


Cotton  seed  stearine.  ...    0.9188- 

0.9230 

Palm  oil 0.921- 

0 .  C24.5 

Vegetable  tallow 0.918 

Cocoa  butter 0 .  9500- 

0.976 

Palm  nut  oil i  0.9520 

Cocoanut  oil 0.9115 

Japan  wax ,  0 .  9700- 

0.9800 


15°C 

15°C 

15°C 
15°C 

15X' 
40'*C 
15°C 


Saponifica- 
tion Value. 


Iodine 
Value. 


Rcfracti\'e  Index. 


195    ■  90-103 


192-202 

200.3 
193.5 


51.5 


1.4510  .  eo^'c 


28-37         I 
32-41    1.4496  I  60°C 


242-250    13-14 
246-260  I   8-95   1.4410 
217-237.5   4.9-9.5 


1.4431    ec^c 

60^^ 


Cotton  Seed  Stearine.  This  product  is  manufactured  on  a  very  laz^e 
scale  by  cooling  cotton  seed  oil,  and  pressing  the  resulting  solid  which 
separates  out.  It  is  of  a  light  golden  color,  of  about  the  consistency  of 
butter,  for  which  it  is  used  as  an  adulterant.  It  is  also  largely  employed 
as  a  lard  substitute. 
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Palm  CHI.  Until  recently,  the  only  source  of  this  oil  was  from  the 
coast  of  Africa,  but  at  present  considerable  quantities  come  from 
the  Philippines.  The  oil  is  obtained  from  the  fleshy  part  of  the  fruit  of 
the  palm  tree.  The  process  of  making  this  oil  is  very  crude.  Either  the 
fruit  is  stored  in  holes  in  the  ground,  when  by  fermentation  the  oil  separates 
and  rises  to  the  top;  or,  the  oil  in  pressed  out  by  hand.  The  kernels  are 
not  destroyed,  and  from  them  palm  nut  oil  is  obtained.  Palm  oil  has  a 
pleasant  odor,  sweetish  taste,  and  varies  in  color  from  yellow  to  dark  red. 
It  is  extensively  employed  in  the  manufacture  of  soap  and  in  its  pure 
condition  is  used  for  edible  purposes.  The  oil  is  readily  bleached  by  treat- 
ment with  potassium  dichromate  and  hydrochloric  acid,  and  by  blowing 
air  through  it. 

Vegetable  Tallow.  From  the  fruit  of  the  Chinese  tallow  tree  is  obtained 
a  hard  fat.  The  fruit  is  steamed  in  perforated  vessels,  in  which  the  fat 
melts  and  is  run  off.  The  remaining  seeds  are  then  pressed  and  **  Stillinger 
oil  '^  obtained.  Another  process  is  also  employed  in  which  the  whole 
fruit  is  crushed  and  pressed,  thus  yielding  a  mixture  of  vegetable  tallow 
and  Stillinger  oil. 

Cocoa  Butter,  The  cocoa  betuis  are  roasted,  ground,  treated  with 
sodium  carbonate  and  hot  pressed.  When  freshly  prepared  it  has  a  yellow- 
ish color,  but  it  turns  white  on  standing.  It  has  a  pleasant  odor  and  agree- 
able taste,  and  is  used  in  confectionary^  mecffcine,  toilet  creams,  and 
soaps. 

Palm  Nut  Oil.  This  oil  as  indicated  above,  is  obtained  from  the  kernels 
of  the  palm  tree  fruit.  After  the  fleshy  part  of  the  fruit  is  removed  the 
kernels  are  collected,  screened,  ground  to  a  pulp  and  subjected  to  hydraulic 
pressure.  It  is  a  white  oil,  and  when  fresh  has  a  pleasant  odor  and  nutty 
taste.  It  is  used  very  largely  for  soap  making,  and  in  the  pure  condition 
it  is  employed  for  edible  purposes. 

Coccanut  Oil.  Cocoanut  oil  is  obtained  from  the  cocoanut.  There 
are  three  varieties  of  this  oil  in  the  market.  Cochin  oily  Ceylon  oil^  and 
Copra  oil.  The  cochin  oil  is  the  finest  and  whitest  product.  Its  supe- 
riority is  due  to  the  fact  that  the  climate  of  the  Malabar  Coast  is  much 
drier  than  that  of  the  other  localities  where  the  tree  grows,  and  in  Malabar 
better  conditions  of  cultivation,  and  methods  of  manufacture  are  in  use. 
Ceylon  and  copra  oils  are  obtaincnl  either  by  pressure  or  extraction  and 
constitute  a  large  amount  of  the  oil  on  the  market.  Cocoanut  oil  is  chiefly 
employed  in  the  manufacture  of  soap. 

Japan  Wax.  Japan  wax  is  a  hard  substance  resembhng  tallow,  which 
is  obtained  from  the  berries  of  several  varieties  of  sumac  trees.  In  its 
preparation  the  berries  are  stored  in  straw  until  fully  ripened,  when  they 
are  crushed  in  hempen  sacks.  In  refining  the  wax  it  is  pressed  through 
cotton  cloth  and  the  hot  wax  allowed  to  flow  into  cold  water.  When  fresh, 
Japan  wax  has  a  light  yellow  color,  but  becomes  darker  on  standing.  It 
is  used  for  floor  finishes,  polishes,  and  in  the  currying  of  leather. 
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Animal  Fats.  Under  this  head  are  included  those  solid  fats  which  are 
derived  from  anmial  tissues.  They  vary  in  degree  of  hardness  according: 
to  the  amount  of  the  glycerides  of  unsaturated  fatty  acids  present,  tho>c 
with  the  higher  amount  being  the  softer. 

Although  only  nonnlrying  fats  will  be  considered  it  may  Ix?  well  to 
state  that  certain  animal  fats  have  quite  pronounced  drying  qualiti€*t>. 

CONSTANTS   FOR   ANIMAL  FATS 


Name  of  Fat. 


Specific  Gravity 


Saponificutian       Iodine 
Viilue.  Value. 


Refractive  Ind*'x. 


Horse 0.9189 

Lanl t  0.934-0.938 

Beef  tAllow I  0.943-0.952 

Mutton  tallow 0.937 


Butter 


0 . 920-0 . 946 


15°(: 
1.5°C 
15°C 
15  °C 
15°r 


I 


200.5 

193.5 

190.9 

193.2-200 

192-195.2 


81.2 

66.7 

46-55 

38-46 

35-46 


I . 4510 
1.4510 


Horse  Fats.  When  in  a  fresh  condition  horse  fat  is  of  a  yellowish  color, 
of  a  buttery  consistency,  and  neutral  in  reaction.  On  l)eing  allowed  to 
stand  for  some  time  it  separates  into  solid  and  liquid  portions.  It  is  now 
a  commercial  article  owing  to  the  large  consumption  of  horse  meat.  In 
some  localities  it  is  used  for  edible  purposes  in  place  of  lard;  its  chief 
use,  however,  is  in  the  manufacture  of  soap. 

Lard,  By  rendering  ^he  fat  which  surroimds  the  kidneys  and  bowds 
of  the  pig  a  product  is  obtained  known  as  ''  leaf  lard.^*  This,  however, 
constitutes  only  a  small  portion  of  the  product  sold  under  this  name. 
The  following  grades  are  recognized  in  the  trade:  Xeniral  lard  Xo.  1 
which  is  prepared  V>y  rendering  the  leaf  in  a  fresh  condition  at  a  tenip<r- 
ature  of  50*^  C.  This  is  used  in  the  manufacture  of  ''oleomargarine  "'; 
iieutral  lard  No.  2  which  is  obtained  by  rendering  the  back  fat  in  the  same 
way  as  No.  1.  It  is  used  by  confectioners  and  biscuit  makers.  Ltaf 
lard  is  obtained  by  subjecting  the  residue  from  neutral  lard  to  steam  heat 
under  pressure.  Choice  kettle-refidered  lard  is  prepared  from  the  residue 
of  neutral  lard  No.  1  by  heating  it,  together  with  fat  from  the  back, 
in  steam-jacketed  open  kettles.  Prime  steam  lard  is  the  product  obtaineil 
from  other  parts  of  the  hog  by  rendering  in  tanks  by  direct  application 
of  steam. 

Lard  is  of  a  pure  white  color  and  has,  at  ordinary  temperaturc^s,  a 
salve-like  consistency.  It  is  adulterated  to  a  very  large  extent  \^rixh 
b(*ef  fat,  !)eef  stearine,  cotton  seed  oil,  cotton  seed  stearine,  and  oth<  r 
vegetable  fats.  These  products  are  sold  as  lard  compounds,  and  often 
so  labeled  as  to  give  the  impression  that  they  are  pure  leaf  lard. 

Beef  Tallow,  The  fat  from  different  parts  of  the  animal  are,  as  a  rule, 
not  kept  separate  during  the  rendering;  except  when  the  tallow  is  to  l^» 
used  in  making  oleomargarine.  In  this  case  the  kidney  fat  (suet)  is  treat*  d 
alone.     When  fresh,  beef  tallow  is  nearly  white,  odorless,  and   aln:e^t 


ta;-tfleas.  The  highest  grade  of  tallow  is  uscci  for  edible  purposes,  but  the 
largest  quantity  finds  application  in  soap  making,  lubricating  greases,  and 
leather  dressings. 

MiUton  Tallow.  As  a  rule  mutton  tallow  is  harder  tlian  beef  tallow, 
ultliough  in  other  respects  it  is  very  similar  to  it.  The  methods  of  render- 
ing are  the  same  as  for  beef  tallow.  Mutton  tallow  turns  rancid  on  keeping, 
and  hence  cannot  be  employed  as  a  butter  suljstitute,  nor  used  in  high 
grade  toilet  soaps. 

Bulter  Fat.  This  product  is  obtainefl  from  the  fat  contained  in  cow's 
milk,  and  is  used  entirely  for  edible  purposes. 

Butter  Substitutes.  The  butter  substitutes  on  the  market  consist 
of  mixtures  of  animal  fats  and  vegetable  fats  and  oils.  They  are  usually 
colored  yellow  with  annetto  or  oil  soluble  yellow.  The  animal  fats  are 
oleomargarine  "  oleo  oil,"  or  neutral  lard.  The  vegetable  oils  used  are, 
generally,  cotton  seed  oil  and  cotton  seed  stearinc.  In  the  manufacture 
of  oleomargarine  the  freshest  materials  are  employed,  great  cleanliness 
l>eing  necessary.  The  kidney  fat  is  removed  from  the  slaughtered  animal 
as  quickly  as  possible,  carefully  selected,  washed  with  warm  water,  and 
thoroughly  cleaned.  This  selected  fat  is  then  rapidly  cooled,  cut,  shretlded 
and  ground  in  a  roller  mill.  The  fat  thus  disintegrated  is  placed  in  tin- 
lined  steam-jacketed  kettles  and  heated  to  45°  ('.,  at  which  temperature 
a  portion  of  the  fat  separates.  The  mass  is  clarified  by  sprinkling  in  salt 
ami  the  liquid  portion  is  run  off  into  shallow  tin-lined  pans;  on  cooling 
the  bulk  of  the  stearine  crj-stallizes.  The  cooled  mass  is  then  subjected 
to  hydraulic  pressure.  The  "  oleo  oil  "  which  runs  from  the  press  con- 
stitutes the  principal  raw  material  for  the  manufacture  of  mat^arine. 

The  oleomargarine,  "  oleo  oil,"  is  churned  with  the  vegetable  oils  and 
fats,  and  with  "pasteurized"  skim  milk.  The  object  of  churning  is  to 
o\'ercome  the  tendency  of  the  oleomargarine  to  crj'stalUze.  From  the 
chum  the  margarine  is  run  into  cooling  tanks  where  it  comes  in  contact 
with  ice  water.  The  solid  mass  thus  obtained  is  worked  in  a  kneading 
machine  to  remove  the  water,  and  it  is  here  colored  and  salted  to  taste. 
Many  manufacturers  also  add  "  butter  flavor  "  which  consists  of  a  mix- 
ture of  propionic  acid,  butyric  acid  and  caproic  acid.  This  also  makes 
the  margerine  upon  analysis  appear  more  like  pure  butter. 

I.IQVID   W.AXES 

Sperm  Oil.  The  most  important  menilwr  of  this  class  is  sperm  oil, 
wliich  is  obtained  from  the  head  and  blubber  of  the  sperm  whale.  The 
head  oil,  which  is  the  more  valuable,  when  first  separated  is  clear  and  limpid, 
l;ut  changes  to  a  hard  mass  on  standing.  The  bodj'  oil  when  fresh  is  of 
a  light  straw  color.  The  two  oils  are  mixetl  together  and  allowed  to  stand 
for  two  weeks  before  refining.  The  solid  portion  which  separates  is  rc- 
mo\'cd  from  tlie  oil  by  subjecting  to  hydraidic  ])ressure  at  32°  F.  whereby 
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a  clear  oil  is  obtained  kno\^-n  as  "  winter  sperm  oil."  The  press  cake 
is  then  wanned  to  about  oO^  F.,  and  again  pressed,  thus  giving  "  spring 
sperm  oil.'*  The  residue  from  the  second  pressing  is  allowed  to  stand  for 
several  days  at  a  temperature  of  about  80**  F.  It  is  then  subjected  to 
hydraulic  pressure,  whereby  ''  taut-sperm  oil  **  is  the  result.  The  oils 
obtained  from  these  three  pressings  vary  in  color  from  pale  yellow  for  the 
refined  oil  to  broi\'n  in  the  la'^t  named  product. 

The  specific  gravity  of  sperm  oil  at  15**  C.  varies  from  0.8799  to  0.8835: 
its  saponification  value  from  125.2  to  132.6;  and  its  iodine  value  from  81 
to  90.     It  is  used  as  a  lu})ricating  oil  and  in  leather  finishes. 

Solid  Vegetable  Waxes 

Camauba  Wax.  Of  the  vegetable  waxes,  carnauba  is  the  only  one 
which  merits  consideration.  It  is  a  wax  which  exudes  from  the  leaves  of 
the  Corypha  cerifera^  a  palm  tree  growing  in  Brazil  and  a  few  other  South 
American  countries.  The  white  powdery  mass  which  is  scraped  off  from 
the  sun-dried  leaves  is  thrown  into  boiling  water,  thus  melting  the  wax 
which  collects  as  a  solid  mass  on  cooling.  The  crude  product  is  dark  in 
color,  but  on  refining  becomes  almost  pure  white.  It  is  very  hard  and 
melts  at  105°  C.  It  has  a  specific  gravity  of  from  0.990  to  0.999;  the 
saponification  value  being  from  79  to  95;  and  an  iodine  number  of  13.5. 
The  principal  use  of  camauba  wax  is  in  candle  making,  polishing  pastes, 
and  for  phonograph  cylinders. 

Animal  Waxes 

Wool  Wax,  Lanolin.  In  the  scouring  of  wool,  preparatory'  to  spinning, 
there  is  obtained  a  fatty  substance  known  as  "  brown  grease.''  The  crude 
product  finds  application  in  the  currying  of  leather;  while  the  purified 
product  '*  lanolin  "  is  used  in  pharmaceutical  preparations. 

Beeswax.  This  product  is  secreted  by  the  honey  bee,  and  serves  a-^ 
the  material  for  building  up  the  honeycomb.  The  comb  is  melted  in 
hot  water,  strained  to  remove  impurities,  and  subjected  to  hydraulic 
pressure.  The  press  cake  is  boiled  a  second  time  and  again  pressed. 
Beeswax  is  of  a  yellow  color,  and  practically  tasteless. 

Spermaceti.  This  wax  occurs  in  the  head  cavity  and  the  blubber  of 
the  sperm  whale.  Its  method  of  preparation  is  indicated  under  sperm 
oil  of  which  it  constitutes  the  largest  part  of  the  solid  portion.  In  the 
refined  condition  it  forms  white  lustrous  masses,  is  very  brittle  and  can 
be  easily  rubbed  into  a  powder.  Its  chief  use  is  in  the  manufacture  of 
candles. 

For  a  more  detailed  account  of  the  properties,  preparation  and  uses  of 
oils,  fats  and  waxes  consult  *'  Chemical  Technology  and  Analysis  of  Oils, 
Fats  and  Waxes,'*  J.  Lewkowitsch,  Fourth  Edition,  1909,  Macmillian  & 
Co. 
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General  Considerations.  The  object  of  lubrication  is  to  diminish 
friction  and  thus  conserve  power.  The  shaft  does  not  (or  should  not) 
come  in  contact  with  its  box,  but  revolves  on  a  thin  film  of  lubricant. 
I  like  the  conception  of  Southwick  that  the  shaft  rotates  on  the  molecules 
of  the  oil  as  it  were  upon  the  balls  of  a  ball  bearing.  The  resistance 
which  the  particles  of  this  film  offer  to  being  torn  apart,  or  the  shearing 
modulus  as  the  engineer  terms  it,  measures  the  efficiency  of  the  lubri- 
cant employed,  consequently  the  cardinal  principle  underlying  all  lubri- 
cation is  to  use  the  thinnest  {or  least  liscoiis)  oil  that  will  stay  in  place 
and  do  the  work.  Obviously,  then,  the  viscosity  or  **  body  "  of  the  oil 
is  of  the  greatest  importance  in  choosing  an  oil :  this  should  not  be  taken 
at  any  arbitrary  temperature,  70°,  100°,  or  212°  F.,  but  at  the  temper- 
ature, or  between  the. temperatures,  at  which  the  oil  is  used.  It  often 
happens  that  one  oil  is  less  viscous  than  another  at  one  of  these  temperatures 
and  at  the  temperature  of  use  the  reverse  is  the  case,  consequently  the 
other  oil  should  be  chosen,  in  accordance  with  the  principle  given  above. 

Another  important  consideration  to  be  observed  in  choosing  a 
lu})ricant  is,  that  it  should  not  absorb  oxygen  from  the  air,  forming  a 
gum  Avhich  would  increase  the  viscosity,  or  turn  rancid,  and  attack  the 
metals  with  which  it  is  brought  in  contact.  The  liability  to  oxidize 
or  gum  can  be  shown  by  the  gumming  test,  which  also  has  been  found 
to  be  a  measure  of  the  extent  to  which  an  oil  will  carbonize  in  a  gas  or 
gasoline-engine  cylinder.  Besides  these  two  tests,  which  may  be  considere<l 
as  measuring  the  efficiency  of  the  oil,  other  tests  are  employed  which 
either  measure  the  safety,  serve  to  identify  the  oil,  or  to  determine  if 
it  })e  suitable  for  the  purpose  for  which  it  is  intended.  Such  are  the 
flash  and  fire  tests,  the  evaporation  test,  the  free  acid  test,  and  the 
test  for  thickeners  or  soap;  while  the  specific  gravity  of  a  mineral  oil, 
iodine  and  saponification  values  of  an  organic  oil  serve  either  to  iden- 
tify it  or  indicate  if  it  be  adulterated.  The  cold  test  and  friction  test 
show  its  availability  under  conditions  approximating  that  of  use. 
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Flash  and  Fire  Test,  The  flash  test  is  the  lowest  temperature  to  which 
tlie  oil  must  be  heated  to  give  off  vapors  in  sufficient  quantity,  which, 
when  mixed  with  air,  produce  an  explosive  mixture.  This  tempjerature 
in  the  case  of  a  lubricating  oil  should  not  be  l>elow  300**  F.  The  fire  test 
is  the  lowest  temperature  at  which  it  will  give  off  vapors  which  when 
ignited  will  bum  continuously. 

Evaporation  Test.  The  evaporation  test  shows  the  quantity  of 
oily  vapor  An  oil  will  give  off  at  the  average  temperature  of  the  bearing: 
this  quantity  should  not  exceed  5  per  cent,  and  is  of  importance  in  two 
ways.  It  represents  the  amount  of  oil  serving  its  purpose,  and  of  oily 
vapor  affecting  the  fire  risk. 

Free  Acid  Test.  The  free  acid  test  shows,  as  its  name  denotes,  the 
amount  of  uncombined  acid  contained  in  the  oil:  this  in  the  case  of 
mineral  oils  is  sulphuric,  coming  from  the  refining  process;  with  the 
organic  oils  it  is  an  indication  of  age  or  rancidity  and  is  usually 
oleic.  The  amount  of  sulphuric  acid  (calculated  as  SO3)  should  not 
exceed  0.3  per  cent;  the  permissible  amoimt  of  oleic  acid  varies  according 
to  the  purpose  for  which  the  oil  is  to  be  used;  for  tallow  for  cylinder 
oils  not  more  than  0. 15  per  cent,  for  prime  lard  for  signal  oil  not  mon* 
than  0.2,  and  for  extra  No.  1  lard  not  more  than  1.5  per  cent.  Free 
acid  in  oil  attacks  the  metals  of  the  bearings,  journals,  cylinders,  and 
containers,  and  in  the  case  of  signal  oils  chars  the  wick  so  that  the  flame 
is  extinguished  sooner  than  it  should  be. 

Soap  Test.  Test  for  ''  oil  pulp,"  or  soap:  To  artificially  and 
temporarily  increase  the  viscosity  of  oils — in  order  to  pass  sp)ecifications 
— recourse  is  had  to  the  addition  of  a  small  percentage  of  "  dof)e,"  "  oil 
thickener,"  or  "  white  gelatine,"  a  soap,  usually  oleate  of  aluminium. 
This  greatly  increases  the  viscosity,^  causes  the  oil  to  chill  more  easily 
and  to  emulsify,  thus  increasing  the  friction.  Furthermore,  it  is  prt^ 
cipitated  by  contact  with  water  or  steam, causing  clogging  of  the  machinery. 

Specific  Gravity.  The  specific  gravity  of  an  oil  when  stated  as  a 
decimal  indicates  the  usual  relation  to  water;  this  is  commonly  employed 
with  the  organic  oils;  the  specific  gravitj'  of  the  mineral  oils  is  expressetl 
in  degrees  of  the  Baum^  scale  for  liquids  lighter  than  water;  here  water 
is  lO*',  engine  oil  for  example,  may  be  26°,  spindle  oil  35°,  kerosene  47°, 
stove  gasoline  62°,  illuminating  gasoline  86°;  it  is  to  be  noted  that  the 
lighter  the  oil  the  larger  the  number  on  the  Baum^  scale.  These  degrei^s 
have  no  connection  with  the  flash  point,  fire  point,  or  boiling-point  of 
the  oils. 

Iodine  Number.  The  iodine  number  or  value  represents  the  p«»r 
cent  of  iodine  absorbed  by  the  oil  under  fixed  and  precise  conditions: 
this  is  quite  a  definite  characteristic  of  oils,  although  the  very  fact  they 
are  of  organic  origin  means  that  the  vegetable  oils  are  subject  to  changing 

'  In  a  case  whioh  came  to  tho  writer's  notice,  the  oil  woiild  not  flow  from  the 
viscosimeter  at  70°  F.,  required  1167  seconds  at  S^  and  181  seconds  at  110**. 
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seasons  and  the  animal  oils  to  changes  in  feed.  In  the  case  of  olive  oil 
the  variation  in  the  iodine  number  is  from  77  to  88;  it  is  impossible, 
therefore,  to  express  the  adulteration  of  olive  oil  more  closely  than  about 
5  per  cent. 

Saponification  Value.  The  saponification  value  indicates  the  number 
of  milligrams  of  potassium  hydrate  required  to  saponify  one  gram  of 
oil :  as  this  for  most  of  the  oils  is  about  193  it  is  no  criterion  by  which  to 
distinguish  one  oil  from  another.  Its  chief  value  is  to  determine  if  an 
organic  oil  be  adulterated,  or  compounded  with  an  unsaponifiable  one, 
as  mineral  or  rosin  oil. 

Cold  Test.  The  cold  test  is  the  temperature  at  which  the  oil  wdll 
just  flow  and  indicates  the  availability  of  the  oil  at  this  temperature. 
Cases  are  on  record  of  the  stalling  of  railroad  trains  and  the  setting 
fire  to  factories  owing  to  the  oil  freezing  in  the  journal  boxes. 

Friction  Test.  The  friction  test  measures  the  power  consumed  by 
the  oil.  This  is  carried  out  upon  a  bearing  as  nearly  perfect  as  can  be 
made  by  mechanical  skill  and  under  what  may  be  called  ideal  conditions 
— regularity  of  feed,  temperature,  and  pressure.  In  performing  this 
test,  it  should  be  remembered  that  the  effects  of  the  oil  previously  used 
upon  the  machine  persist  for  about  eight  hours,  even  though  the  shaft 
and  bearing  be  chemically  clean.  Consequently  reliable  readings  cannot 
be  obtained  until  after  the  machine  has  run  at  least  this  length  of  time 
with  the  oil  to  be  tested. 

Choice  of  Oils  for  Certain  Purposes.  R.  H.  Thurston  said,  "  I  have 
learned  not  to  dogmatize  about  oils;  the  only  thing  to  do  in  any  case 
is  to  test  them  and  see  just  what  they  are  good  for."  By  *'  test  "  he 
meant  either  a  friction  test  or  "  practical  "  test.  While  this  is  of  course 
true,  yet  the  former  is  tedious  and  the  latter  may  involve  too  much 
risk,  and  equally  good  results  for  practical  purposes  can  almost  always 
be  obtained  by  the  use  of  brief  physical  and  chemical  tests  such  as 
viscosity,  flash,  and  specific  gravity.  Practically  the  only  case  where  these 
constants  do  not  hold  is  where  the  oil  is  emulsified  with  water  when 
used,  and  here  the  water  seems  to  exercise  a  decided  influence. 

The  selection  of  a  suitable  oil  is  determined  by  the  pressure  on  the 
bearing  per  unit  area — a  square  inch — and  is  independent  of  the  size  of 
the  bearing;  thus  it  can  happen  that  the  same  oil  can  be  used  both  on 
a  large  and  a  small  bearing. 

From  what  has  already  been  said,  an  oil  should  be  sufficiently  fluid 
to  flow  readily  between  a  journal  and  its  bearing  at  the  temperature 
of  use,  and  not  be  forced  out  by  the  pressure  under  which  it  is  running, 
or  to  which  it  is  likely  to  be  exposed;  any  viscosity  in  excess  of  this 
means  a  needless  waste  of  power.     (Apply  the  viscosity  test.) 

The  fact  should  not  be  overlooked  that  mineral  oils  lose  their  viscosity 
rapidly  when  heated,  more  so  than  the  organic  oils,  and  that  the  tendency 
of  the  latter  is  to  increase  the  viscositv. 
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A  suitable  lubricating  oil  should  not  gum  or  thicken  on  exposure  to 
the  air  (gumming  test) ;  it  should  not  give  off  inflammable  vapK>rs  below 
300°  F.  (flash  test);  nor  lose  more  than  4  per  cent  on  exposure  for  a 
working  day  at  the  temperature  of  the  bearing  upon  which  it  is  use<l 
(evaporation  test).  It  should  contain  no  acid  to  attack  the  bearing  or 
shaft  (free  acid  test).  It  should  have  the  least  possible  cohesion  among 
its  own  particles  and  the  greatest  possible  adhesion  to  the  met-als  of 
which  the  shafts  and  bearings  are  composed.  Petroleum  oils  fulfill  the 
first  condition  and  animal  or  vegetable  oils  the  last. 

Watch  Oil.  For  oiling  the  most  delicate  machinery  as  watches 
(and  clocks)  the  oil  obtained  from  the  dolphin,  blackfish  or  "  snuffer  " 
is  used.  This  exists  in  the  cavities  of  the  jaw  and  also  in  the  brain  or 
'*  melon  "  of  the  fish;  it  is  rendered  at  a  low  heat,  chilled  and  filtered 
at  a  low  temperature,  bleached  and  refined  by  sunning  in  contact  with 
lead  plates  to  remove  acid.  It  is  a  pale  yellow,  very  fluid  oil  of  peculiar 
odor. 

Spindle  Oil.  This  is  the  lightest  and  most  fluid  of  the  lubricating 
oils.  The  method  of  preparation  of  this  and  other  hydrocarbon  oils 
has  l>een  given  under  Chapter  XXIII.  The  gravity  varies  from 
30-35°  B^,  the  flash  from  320  to  390°  F.,  the  viscosity  56  to  156  seconds 
Say  bolt  at  70°  F.,  and  the  evaporation  test  should  not  be  over  4  per 
cent.  From  w^hat  has  already  been  said,  nowhere  is  the  necessity  for 
low  viscosity  greater  than  in  the  case  of  these  spindle  oils  when  the 
bearings  are  multiplied  by  thousands.  A  case  is  on  record  wliere  the 
increase  in  the  viscosity  of  the  spindle  oil  stopped  the  engine  and  shut 
down  the  mill.  Besides  being  used  for  spindles  it  is  used  for  sewng 
machines,  typewriters,  etc. 

Loom  Oil.  This  is  merely  a  heavy  spindle  oil.  One  which  the  writer 
tested  had  a  gravity  of  28°,  flash  360°  F.,  and  viscosity  of  203  seconds. 
Here,  as  in  the  case  of  spindle  oils,  the  evaporation  test  should  be  low, 
as  the  hydrocarbon  vapors  formed  have  occasioned  serious  fires. 

Engine  Oils.  Engine  oils  are  classed  as  light  and  heavj-;  besides 
being  used  for  engines,  as  their  name  denotes,  they  find  general  employ- 
ment for  shafting,  machinery,  etc.,  about  the  mill  or  works.  They  are 
usually  hydrocarbon  oils  of  gravity  32-23°,  flash  300  to  400°  F.,  and 
viscosity  from  50  to  400  seconds  at  70°  F.  Where  the  duty  is  heavy 
or  the  bearings  are  rough,  they  are  sometimes  mixed  with  animal  oils, 
as  lard  or  whale  oils. 

Cylinder  Oils.  Cylinder  oils,  or  more  accurately,  steam  cylinder 
oils,  as  the  Germans  call  them,  are  divided  into  low  and  high  pressure. 
Here  a  different  problem  has  to  be  met,  that  of  making  the  oil  adhere 
to  the  surfaces  of  the  piston  and  valves.  This  is  accomplished  by  the 
addition  of  some  fatty  oil  which  adheres  to  the  metals  and  the  mineral 
oil  adheres  to  it.  The  action  of  the  fatty  oils  would  seem  to  be  analogous 
to  that  of  a  mordant  in  fixing  dyes.     Pure  fatty  oils,  while  they  have  been, 
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and  may  now  in  some  cases  (witli  low  pressures)  be  used,  are  open  to 
the  objection  that  these,  being  glycerides,  are  decomposed  by  high-pressure 
steam  with  the  liberation  of  fatty  acids  which  attack  the  iron  of  the 
cylinder,  causing  pitting  and  scoring. 

C3H5(St)3+3H20  =  C3H5(OH)3+3H  St.i 

On  the  other  hand,  when  the  condensed  water  from  the  exhaust  steam 
is  used  as  boiler-feed  water,  owing  to  the  fact  that  these  fatty  oils 
emulsify  so  well  with  it,  renders  it  necessary  to  use  pure  mmeral  oils. 
The  cylinder  stocks,  that  is,  the  pure  petroleum  bases,  have  the  following 
characteristics.  Gravity  26-28**  B6.,  flash  500  to  600°  F.  viscosity  117 
to  200  seconds  at  212°  F.  It  would  seem  hardly  necessary  to  state 
that  the  low-pressure  oil  should  have  the  lower  of  these  figures.  The 
viscosity  of  cylinder  oils  should  be  taken  at  the  temperature  corresponding 
to  the  pressure  at  which  they  are  to  be  used. 

The  fatty  oils  use!  are,  degras,  tallow,  linseed,  cottonseed,  and 
blown  rape,  all  as  free  from  acid  as  possible  and  in  quantities  varying 
from  1  to  25  per  cent. 

A  lubricant  which  seems  to  promise  unusually  well  for  cylinders  is 
an  artificial  deflocculated  graphite  suspended  in  water.  This  is  so  fine 
that  it  will  go  through  the  pores  of  the  finest  filter  paper  and  it  seems 
to  fill  the  pores  of  the  metal,  ensuring  tighter  fitting  piston  rings  and  at 
the  same  time  possesses  little  cohesion. 

Gas  Engine  Oils.  Gas  engine  oils,  particularly  for  the  cylinders, 
should  possess  as  their  chief  requisite,  besides  that  of  lubrication,  the 
prop(*rty  of  not  carbonizing  at  the  temperatures  attained.  The  liability 
of  carbonization  seems  to  be  intimately  connected  with  the  amount 
of  tarry  matter  yielded  in  the  gumming  test.  For  automobiles  the 
oils  of  the  following  characteristics  have  yielded  good  results.  Flash 
420-450°  F.  (covered  tester),  viscosity  180-185  seconds  (at  100°  F., 
Saybolt  Universal)  gumming  tests  very  slight  or  slight.  For  large  size  gas 
engines  probably  a  heavier  oil  would  be  required  having  these  charac- 
teristics;2  gravity  26-28°  B^.  flash  400-475°  F.,  viscosity  250  seconds 
at  70°  F. 

Greases.     Gillett  ^  divides  the  greases  into  six  classes: 

1.  The  tallow  type,  a  mixture  of  tallow  with  palm-oil  soap  with 
some  mineral  oil;  this  was  common  twenty  years  ago. 

2.  The  soap-thickened  mineral-oil  type,  a  mixture  of  mineral  oil, 
usually  with  lime  or  sometimes  soda  soaps,  the  commonest  type  at 
present. 

3.  Types  1  or  2  mixed  with  graphite,  talc,  or  mica. 

'  St = Stearic  acid  =  C,7H«COOH. 

*  Davis,  "Friction  and  Lubrication,"  p.  121. 

^  Jour.  Ind.  and  Eng.  Chem.,  I,  351. 
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4.  The  rosin-oil  type,  a  mixture  of  rosin  oil  thickened  with  lime, 
or  sometimes  litharge,  with  mineral  oil.  They  contain  often  20  to  30 
per  cent  of  water  and  are  used  as  gear  greases.  They  may  contain  also 
tar,  pitch,  ground  wood,  or  cork,  and  any  of  the  fillers  mentioned  in  3. 

5.  Non-fluid  oils:  oils  or  thin  greases  stiffened  with  "oil  pulp"  or 
**  dope,"  i.e.,  aluminium  oleate. 

6.  Special  grease.?  with  special  fillers. 

These  greases  show  a  high  coeflScient  of  friction  at  first,  causing  a 
rise  of  temperature  which  melts  the  gresuse,  producing  the  effect  of  an 
oil-lubricated  bearing.  The  graphite  gresu^es  show  an  unexpectedh- 
low  lubricating  power;  the  rosin  grea.ses  show  a  high  friction  at  first. 
but  after  the  bearing  ha?  warmed  up  compare  well  with  the  more  expen.sive 
greases.  The  high  moi.^ture  content  would  seem  to  have  the  advantage 
of  making  them  less  sticky.  The  lime  soap  greases  (Class  2)  are  not 
as  good  as  the  tallow  greases  (Class  1),  and  are  inferior  as  lubricants 
to  those  compounded  with  soda  soaps. 

Greases  are  in  many  cases  to  be  preferred  to  oils,  particularh'  where 
oil  spots  from  the  bearings  are  to  be  avoided.  They  are  used  upon 
dynamos,  shafting,  gears,  and  where  heavy  pressure  is  applied,  as  in  the 
trains  of  rolls  in  rolling  mills.  The  tests  applied  to  greases  are  much 
the  same  as  those  applied  to  the  oils  modified  as  the  differences  between 
the  solid  and  liquid  state  require. 

The  following  tests  are  usually  applied  to  the  greases:  flash,  free 
acid,  dropping-point,  soap  content,  free  oil  or  fat  saponifiablc  and  min- 
eral, free  lime,  fillers,  and  water. 

P'or  the  flash  point  a  50  cc.  porcelain  crucible  is  used;  the  frc<»  acid 
is  determined  as  with  the  oils;  the  dropping-point.  according  to  t'bbe- 
lohde's  method,  by  noting  the  temperature  at  which  drops  fall  from  a 
tube  of  grease  surrounding  the  thermometer  and  having  a  standard  orifice 
at  the  bottom.  The  soap  content  is  most  readih'  determined  by  ashing 
the  grease  and  applying  the  usual  quantitative  methods  to  the  ash. 
The  free  oil  or  fat  is  determined  by  extraction  with  gasolme,  or  if  lime 
soaps  be  present,  with  ethyl  acetate  at  room  temperature;  the  oils  extraetcHi 
are  examined  as  described  under  oils;  the  free  lime  and  fillers  are  deter- 
mined by  the  usual  quantitative  methods.  Water  is  best  determined 
by  distilling  with  xylol  according  to  Marcusson  K  The  table  on  the 
following  page  shows  the  composition  of  some  of  the  greases. 

Belt  Dressings.  Where  the  object  is  the  softening  of  the  belt  they 
are  usually  mixtures  of  solid  fat,  waxes,  degras,  or  tallow  with  fish  oils 
to  make  the  belts  cling;  in  some  cases  they  are  mixtures  either  of  com 
or  cottonseed  oils,  which  have  been  treated  with  sulphur  chloride,  Mrixh 
mineral  oil  and  thinned  with  naphtha,  or  they  may  be  mixtures  of  the 
above  fats  with  rosin  or  rosin  oil. 

*  Mitt.  k.  Materialsprufungsamt.,  24,  48. 
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COMPOSITION  OF  SOME  GREASES* 
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*  Gillctt,  loc.  cit.  t  Eatimated. 

*  Lead  soap.        ^  CaO.        *  Soda  soap.        "  Mainly  palm  oil. 


>  Potash  soap. 
«  Oil  of  24.2"  B<^.        7  Paraffin. 


Car  Oils,  Reduced  Oils,  Well  Oil,  Black  Oils.  These  are  commonly 
crude  oils  from  which  the  more  volatile  portions,  the  naphthas,  and, 
burning  oils,  have  been  removed  by  distillation  or  sunning.  Some  rail- 
road specifications  require  a  gravity  of  29°  B^.,  flashpoint  325°  F.,  cold 
test  5  to  15°  F.,  according  to  the  season  of  use,  and  a  viscosity  100  to 
120  seconds  at  70°  F. 

Compressor  and  Ice-machine  Oils.  These  are  light  spindle  oils  of 
a  gravity  of  26-  27°  B^.  60  to  100  seconds  at  70°  F.,  viscosity,  325-360° 
F.,  flash,  and  a  cold  test  of  0  to  4°  F. 

Crank-case  Oils.  These  should  emulsify  but  little  with  water,  con- 
sequently should  be  pure  mineral  oils  Much  seems  to  depend  upon 
the  water  with  which  the  oil  is  mixed  in  the  crank  case,  so  it  is  diflficult 
to  predict  how  oils  of  practically  the  same  constants  will  behave  with 
different  waters.  An  oil  giving  these  figures  has  proved  emuiently 
satisfactory:  gravity  26-27°  B^.,  fla^h  455°  F.,  viscosity  100°  at  212°  F. 

Milling  Machine  or  Soluble  Oils.  These  are  usually  lard,  sulphonated 
oils,  or  mineral  oils  held  in  suspension  by  soaps  or  alkalies,  as  borax, 
sodium  carbonate;  the  soaps  are  either  ammonium,  sodium,  or  potas- 
sium, with  oleic,  resin,  or  sulpho  fatty  acids.  They  should  not  appreciably 
attack  the  metals  and  should  form  a  persistent  emulsion.  The  U.  S. 
Navy  requirements  are  that  upon  24  hours'  standing  upon  polished  brass, 
or  copper  it  must  not  be  turned  green.     German  requirements  are  that  a 
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steel  platCy  30X30X3  mm.  should  not  lose  more  than  18  mg.  in  a  1  or 
2  per  cent  solution  of  the  oil  after  lying  for  three  weeks  in  it. 

Neutral  Oa.  An  oil  without  ^*  bloom/'  of  32-36°  B6.,  290-318° 
flashpoint  and  47  to  81  seconds  vircosity  at  70®  F. 

"  Oil-dag."  This  is  the  term  applied  by  Acheson,  the  discoverer 
and  maker  of  carborundum  and  artificial  graphite,  to  a  colloidal  sus- 
pension of  pure  deflocculated  graphite  in  oil,  so  fine  that  it  will  go 
through  the  finest  filter  paper.  Care  must  be  taken  that  the  oil  is  free 
from  acid,  whether  mineral  or  organic,  as  this  causes  a  precipitation 
of  the  graphite.  A  small  quantity  of  '* Oil-dag"  in  an  automobile  oil 
caused  it  to  last  for  700  miles  instead  of  200,  the  usual  distance  wnth 
one  filling  without  the  graphite. 

Oilless  Bearings.  These  are  wooden  blocks,  often  of  maple  thoroughly 
impregnated  with  35  to  40  per  cent  of  grease,  which  replace  metal  journals; 
the  grease  may  be  a  mixture  of  paraffin,  myrtle,  or  beeswax  with  stearine, 
tallow,  or  vaseline. 

Screw-cutting  Oils.  These  are  often  mixtures  of  27°  B6.  paraflfin, 
and  25  per  cent  fatty  oil,  preferably  cottonseed,  although  pure  lard  was 
formerly  used. 

Stainless  Oils.  These  are  spindle  or  loom  oils  mixed  with  fatty  oils 
— lard  or  neatsfoot;  the  fatty  oil,  being  more  easily  emulsified  or 
possibly  saponified  in  the  scouring  process,  aids  materially  in  washing 
out  the  mineral  oil  with  which  it  is  mixed.  One  type  of  these  oils  is 
compounded  of  40  per  cent  neutral  oil,  30  per  cent  cottonseed,  20  per 
cent  olive,  and  10  per  cent  first-pressing  castor. 

Transformer  Oils.  These  should  be  either  pure  rosin  or  mineral 
oils  and  be  free  from  water,  acid,  alkali,  and  sulphur.  They  may  be  freed 
from  the  first  two  impurities  by  treatment  with  sodium  wire  after  the 
usual  method  of  organic  chemistry.  They  should  not  lose  more  than 
0.2  per  cent  when  exposed  to  100"^  C.  for  5  hours,  have  a  viscosity  of  about 
400  seconds  at  70°  F.,  a  flash  of  340-380°  F.  and  remain  liquid  at  32°  F. 

Turbine  Oil.  Steam  turbines  require  a  pure  mineral  oil  of  most 
excellent  quality;  as  the  oil  is  circulated  around  the  bearings  by  a 
pump  it  should  be  of  low  viscosity  ^^nd  gravity  and  free  from  mechanical 
impurities.  An  oil  of  30°  B^.,  150  seconds  viscosity  at  70°  F.,  and  420° 
F.  flash  has  given  good  results. 

Finally,  in  making  out  specifications,  certain  mechanical  details 
should  not  be  overlooked.  The  barrels  should  be  clean  and  the  oil  should 
be  free  from  specks,  dirt,  stearine,  glue,  or  anything  likely  to  clog  the 
lubricators  that  may  be  used;  the  oil  should  be  free  from  tar  (still 
bottoms)  as  shown  by  the  gasoline  test,  and  if  compounded  should  be 
composed  of  oils  that  mix  perfectly. 
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SOAP,  GLYCERINE,  AND  CANDLES 

ALLEN  ROGERS 

Historical.  Before  thq  invention  of  soap,  the  ancients  employed 
the  juice  of  certain  plants  as  detergents,  and  also  Fuller's  earth.  The 
latter  was  spread  upon  the  clothes  and  stamped  in  with  the  feet.  The 
art  of  soapmaking,  however,  is  very  old,  as  is  proven  by  the  remains 
of  a  soapmaker's  shop  found  in  the  ruins  of  Pompeii.  Early  records 
show  that  soap  was  manufactured  in  Italy  and  Spain  during  the  eighth 
century.  The  first  soap  works  in  France  was  established  at  Marseilles 
in  the^ twelfth  century,  when  olive  oil  was  first  employed  for  the  purpose 
of  soapmaking.  It  was  during  the  fourteenth  century  that  soapmaking 
is  supposed  to  have  been  introduced  into  England. 

The  methods  employed  in  the  early  days  of  the  industry  were  very 
crude,  and  it  was  only  when  Leblanc  introduced  his  process  for  the 
manufacture  of  soda  from  common  salt  that  the  industry  made  any 
advancement.  It  was  Chevreul,  however,  who  raised  soapmaking  from 
rule-of-thumb  methods  to  a  true  scientific  industry. 

Theory  of  Soap-making.  When  tallow,  lard,  palm  oil,  corn  oil,  or 
other  fatty  material  is  treated  with  a  solution  of  sodium  hydroxide  or 
of  potassium  hydroxide,  a  chemical  change  takes  place,  resulting  in  the 
formation  of  a  product  soluble  in  water,  and  possessing  properties  entirely 
different  from  the  original  oil  or  fat  employed.  When  the  soluble  product 
is  treated  with  an  acid  the  resulting  body  becomes  insoluble.  If  this 
operation  is  conducted  in  a  quantitative  manner  it  will  be  found  that 
the  insoluble  substance  obtained  from  the  acid  treatment  is  only  about 
90  per  cent  of  the  original  weight  of  the  fat.  Something,  therefore, 
has  been  eliminated  during  the  operation.  This  may  be  recovered  from 
the  mother  liquor  by  evaporation,  and  is  found  to  possess  a  sweet  taste, 
an  oily  consistency,  and  is  known  as  glycerine.  The  insoluble  portion 
recovered  above  has  an  acid  reaction,  when  combined  with  alkali  is 
soluble,  and  upon  investigation  proves  to  be  made  up  of  such  compounds 
as  stearic,  palmitic,  and  oleic  acids.  Thus  we  draw  the  conclusion  that 
fats  are  composed  of  glycerides  of  fatty  acids;  and  that  in  soap-making 
the  caustic  ailkali  decomposes  the  fatty  glycerides  with  the  formation  of 
salts  of  the  fatty  acids  known  as  soap,  and  the  separation  of  glycerine. 
This  reaction  is  indicated  in  the  following  equation : 

C3H5(Ci7H35COO)3+3NaOH  =  3Ci7H35COONa+C3H5(OH)3. 

Stearic  acid  in  tallow         Caustic  soda  Soap  Glycerine 
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Although  there  are  many  substitutes  for  tallow  which  are  employed 
in  soap-making,  they  all  require  caustic  for  saponification  and  all  act 
in  the  manner  above  described.  There  are,  however,  some  substances, 
such  as  rosin,  with  which,  when  used  in  the  production  of  soap,  the  action 
as  stated  above  is  mo<lified. 

Classification  of  Soaps.  Soaps  are  divide<l  into  two  principal  classes, 
namely :  hard  soaps  and  soft  soaps.  In  the  former  caustic  so<la  is  employed 
and  in  the  latter  caustic  potash  is  used.  The  terms  soda  soap  and  potash 
soap  are  also  sometimes  used  to  <listi»guish  the  two  classes.  Further, 
depending  upon  the  method  of  manufacture,  we  have  bmled  soaps,  half- 
boiled  soaps,  and  cold-process  soaps.  Hard  soaps  are  of  various  kinds, 
such  as  caslile,  curd,  mottled,  yellow, 
and  transparent.  Soft  soaps  come  on 
the  market  as  a  paste  or  in  a  semi- 
liquid  condition.  In  some  soaps  both 
caustic  soda  and  caustic  potash  are 
used  in  their  preparation. 

As  soap  is  used  for  a  great  variety 
of  purposes,  its  preparation  must 
neces-sarily  vary.  The  choice  of  stock 
depends  upon  whether  a  high-grade 
toilet  soap  is  to  be  made,  in  ivhieh 
the  choicest  materials  must  be  select- 
ed, or  whether  a  cheap  laundry  soap 
is  to  be  manufactured.  Poap  is  used 
verj'  largely  in  the  textile  and  leather 
industries,  and  should  be  specially 
prepared  for  the  purpose  to  which  it  is 
to  l>e  put. 

Boiled  Laundry  Soaps.'  The  melt- 
ed fat,  usually  tallow,  is  run  into  the 
kettle,  Fig.  292,  together  with  an  equal 
volume  of  lS''Bd.  caustic  soda  solution  (lye),  while  live  steam  is  forced  in  to 
mix  them.  An  emulsion  is  thus  fonned,  which  is  necessary  at  the  start  of  the 
saponification.  Thesoapmaker  .speaks  of  this  as  "  killing  the  stock,"  and 
when  the  emulsion  haw  formed,  the  lye  has  "  caught  the  stock,."  Should 
the  lye  be  too  strong  at  the  start  it  does  not  "  catch  "  well,  so  that  it 
is  necessary  to  add  water  and  continue  boiling  until  the  saponification  is 
complete.  The  point  of  proper  saponification  is  indicated  when  a  sample 
removed  with  a  pad<IIe  adheres  to  it  and  may  be  drawn  out  in  long  strings. 
Another  tost  is  to  place  some  of  the  soap  on  the  palm  of  the  hand,  when 
it  .'ihouki  feel  finn  and  give  hard  flakes  when  rubbed  out  with  the  finger. 
Grainmc.     When  the  sanonification  is  comolete.  the  scan  is  "  sailed 


Fig,  .292— Soap  Kcllle 


out "  or  "  grained  "  by  adding  common  salt.  Tliiw  causes  the  soap  to 
separate  from  the  glycerine  and  excess  of  lye,  and  is  complete  when  a 
sample  taken  on  the  paddle  shows  a  separation  into  flakes  of  soap 
wh'"h  remain  on  the  paddle  while  the  lye  nms  off.  More  steam  is 
now  turned  on  and  the  heating  continue<l  until  the  soap  boils  with 
a  broa<l  smooth  rolling  motion.  The  steam  is  shut  off  and  the  soap 
allowetl  to  "drop  the  lye,"  or  in  other  words  the  soap  rises  to  the  top, 
while  the  lye,  containing  salt  and  glycerine,  settle-',  to  the  bottom.     The 


A,  Inlet  for  sicam;  B,  Sleam  jacket  Hurrounding  kettle^  C,  Outlet  for  escaping 
."team  and  coniiensation;  D,  Sli])  lo  iackcl;  E.  .'^pace  for  eonlents;  K,  Worm  for 
agitation;  G,  Case  for  worm;  H,  Friction  clutch;  M,  Gate  for  dumping  charge. 


pent  lye  is  removed  sfrom   the  kettle  and   the  salt  and  glycerine  are 
subsequently  recovered. 

Strengthening.  Strong  lye  is  next  addled  to  the  soap  in  order  to 
thoroughly  complete  the  saponification,  and  the  boiling  continued  for 
two  or  three  days.  This  second  boiling  is  known  as  the  "strong  change," 
during  which  time  the  soap  rises  in  the  kettle  and  may  often  stand  higher 
than  the  sides.  When  the  -strong  lye  has  caught  the  stock  some  rosin 
is  atided,  and  is  known  as  the  "  rosin  change."     The  amount  of  rosin 
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used  may  varj',  but  on  an  average  it  is  alwut  30  per  cent  of  the  weight 
of  the  grea.se.  The  objeet  of  adding  rosin  is  to  produce  a  soap  which 
will  lather  freely. 

Settling.  The  next  step  is  called  "  pitching  "  or  "  aeiiiing."  Water 
is  added  to  the  )K>i)ing  soap  until  it  presents  a  smooth  appearance,  an*l 
it  is  then  allowed  to  rest  for  several  days.  The  contents  of  the  kettle 
separates  into  three  laj'ers:  the  soap  at  the  top,  the  lye  at  the  bottom, 
and  between  them  a  dark-colored  layer  known  as  the  "  nigre."  The 
lye  is  drawn  olT  into  separate  tanks  and  its  caustic  strength  utilizetl 
in  making  up  more  strong  lye.  The  nigre  is  allowed  to  remain  in  the 
kettle  and  increases  with  each  subsequent  batch,  the  soap  being  drawn 
off  from  the  top  by  means  of  a  hinged  delivery  pipe.  When  the  nigre 
becomes  too  bulky  it  is  removed  and  used  for  special  purposes  as,  for 
example,  in  making  chea]) 
Pf  ■^f^23MCCj<%<"iJ}^^*/^^>'ttftfc^  tar  soap  and  for  some  kind^ 
1 1.  vSp  «fS'  tJ^^^~  'A^'-  ^SC  ^  **^  waahuig  powders. 
Afv2£m--  '-^'Vrfr^'ffluK  Cnitching.      While    the 

T  ^TT^  I  r***^^*r^^W  ^llrnM  soap  is  still  in  a  liquid 
condition  it  is  run  into  the 
"cndrher"  in  portions  of 
about  1700  lbs.  at  a  tinip. 
The  crut«her  (Fig.  293)  is 
a  mixing  machine  consist- 
ing of  a  steam- jacketed 
kettle  provided  with  an 
Archimedean  screw,  and 
in  the  center  is  a  cylinder 
over  which  the  soap  pas.ses 
during  s^tation.  By  this 
means  any  perfume  or  hllinf: 
material  such  as  s'ldium  silicate,  sodium  carbonate,  borax,  and  talc 
may  be  thoroughly  incorporated. 

Framing.  Having  been  thoroughly  crutche<l  the  soap  is  run  into 
tight  boxes  or  "  frames  "  (Fig.  294)  supported  on  trucks  and  holding  the 
entire  charge  from  the  crutcher.  In  the  frames  the  soap  is  allowed  to 
set  and  harden,  which  usually  taken  about  three  days. 

Slabbing  and  Cutting.  AVhen  the  soap  has  become  sufficiently  hanl 
to  work,  the  frames  are  taken  apart,  and  the  large  cake  thus  exposeii 
is  run  through  the  "  slabber  "  (Fig.  295).  This  is  a  machine  holding 
a  number  of  horizontal  wires  arranged  in  such  a  manner  that  the  distance 
between  them  rorrespon<ls  to  the  width  of  the  final  cake  of  soap.  TTie 
large  block  of  soap,  still  standing  on  the  base  of  the  frame,  is  pressed 
against  the  wire,  either  by  hand  or  power,  and  thus  cut  into  slabs.  The 
slabs  are  then  piacetl  on  the  "atUer"  (Fig.  296),  also  provided  with 
wires,  and  cut  into  bars  or  cakes. 


Fw;.  294. — .Soap  Frames. 


SOAP.  GLYCERINE.  AND  CANDLES  573 

Finishing.  From  the  cutting  machine  the  soap  goes  to  the  drying 
room.  When  sufficiently  dry  the  cakes  are  fed  into  an  automatic  stamping 
iiiacliine  from  which  they  pass  to  the  wrapping  antl  boxing  machine. 


Fig.  M.-!.— Slabber. 

Boiled  Toilet  Soaps.  I'iie  method  of  boiling  for  toilet  soap  is  the 
same  as  for  laundrj'  soap,  except  that  a  different  variety  and  grade  of 
fat  is  employed.  The  raw  materials  consist  mostly  of  vegetable  oils 
to  which  a  small  amount  of  tallow  is  added.  No  rosin,  however,  is  a<lded 
as  the  vegetable  oils  possess  sufficient  lathering  quality.     On  completion 


Fiii.  2!»ti.^Culte 


of  the  boiling  operation  the  soap  U  run  to  a  continuous  drj-ing  chamber, 
where  it  falls  on  an  endless  belt  and  is  slowlj'  conveyed  through  the 
drying  apparatus,  coming  out  in  the  proper  condition  for  the  subsequent 
operations.  An  older  method,  an<l  one  which  is  still  used  in  many  factories, 
is  to  crutch,  frame,  slab,  cut,  and  then  "  chip."    The  "  chipper  "  (Fig.  297) 
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consists  of  an  enclosoii  (Ikk  provided  with  knives  wliicli  revolve  at  a  high 

rate  of  speed,  anil  against  which  the  l)ars  of  soap  are  pressetl.  The 
fliips  thus  obtained  are  dried  until  brittl*" 
and  are  tlien  rea«ly  for  the  sul>t*equent 
oiwrations. 

Milling.  Whptlier  the  soap  has  Ixt-n 
dried  by  the  nimiera  method  or  by  xU- 
slower  method  of  chipping  it  is  plaee<l 
in  a  mixing  machine  where  the  neoe-- 
sary  perfume,  color,  or  other  ii^redient^f 
are  added.  It  is  then  fed  to  the  "  mill.'." 
These  mills  consist  of  two  or  more  roll- 
ers (Fig.  298)  liotweon  which  the  soap 
passes , there  I  )y  causing  the  added  material 
I'n;.  2ti7.— Chipper.  to  iK'Come  well  incorporated.     The  usual 

practice  is  to  pass  the  soap  between  the 

rollers  sis  times  or  until  the  corrugatctil  flakes  have  a  perfectly  unifonn 

and  smooth  appearance- 
Plodding.     The  milled  soap  is  placetl  in  the  hopper  of  a  machine 

known  as  the   "  pltalder  "   (Fig.  2U9j,  where  it  is  subjei'ted    to   great 


I'i(i.  2ns.— .Sou]>  Mi]]. 

pressure  by  means  of  a  compression  screw.  In  the  nozzle  of  the  plothier 
is  a  "  foriiii'tg  plate  "  having  an  opening  the  size  of  the  cake  desirei!. 
The  flaky  condition  of  the  soap  as  it  comes  from  the  mills  is  converte<l 
into  a  continuous  bar,  which  may  be  cut  to  any  length  and  stamped  or 
pretised  as  desired. 
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Milled  soaps  allow  of  the  use  of  delicate  perfumes  or  other  materials 
which  would  be  destroj-ed  if  incorporated  with  the  hot  soap  in  the 
crutcher.  The  price  of  a  soap  depends  largely  upon  the  kind  of  perfume 
which  is  used  to  scent  it,  a*  out  of  the  sainc  kettle  of  aoap  may  be 
prepared  an  article  selling  for  ten  cents  or  one  dollar.  Most  goo<l  toilet 
Miaps  are  slighth'  superfatted 
^'o  as  to  overcome  the  harsh 
effect  of  an  alkaline  condition. 

Soft  Soaps.  Soft  soaps 
are  usually  prepared  by  eni- 
pjojing  potash  as  the  alkali 
and  an  oil  high  in  oleic  acid 
as  the  fatty  material.  Sa|M)ni- 
fied  red  oil  (see  candles)  Jiii- 
Kced  oil,  rosin,  and  cottonseed 

oil   are  among  the  chief  oils  Fig.  300.-Plodcler. 

used  for  the  purpose. 

Liquid  Soaps.  These  soajis 
are  made  in  the  same  tnanner  as  soft  soaps  and  are  given  their  liquid 
property  by  adilitiun  of  gl.\'cerine  or  alcohol.     Liquid  suups  are  made  from 


Fio,  301.— I(ar  Cutt<-r.  Tig.  302.— Soap  Frees. 

selected  stock  and  the  lye  well  settled  before  using.      Cocoanut  oil  is 
largely  used  for  this  \'ariety  of  soap. 

Half-boiled  Soaps.    As  the  name  implies,  soap  made  by  this  process 
is  not  boiled.    The  operation  is  always  conducted  in  a  crutcher,  the 
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toinperature  of  the  stock  !)eing  raised  to  about  160°  F.,  and  the  lye 
added.  The  mixture  of  Ive  and  fat  is  crutehed  for  about  five  minutes 
and  allowed  to  stand  undisturl)ed  for  two  hours.  It  is  then  crutchetl 
again  until  smooth,  tested  for  excess  of  either  fat  or  alkali,  run  into 
frames,  allowed  to  set  and  harden  as  stated  under  boiled  soaps.  Half- 
boiled  soaps  contain  all  of  the  glycerine  originally  combined  in  the 
oil,  and  for  this  reason  give  a  very  satisfactory  soap  for  toilet  purpose'^. 
As  there  is  no  recovery  of  the  glycerine  it  cannot  be  worked  economically 
for  laundry  soaps.  After  setting  and  cooling,  it  may  l>e  chipped,  mille<l, 
plodded,  and  pressed  in  the  same  manner  as  boiled  soaps. 

Cold-process  Soaps.  Soap  made  by  this  process  differs  from  half- 
boiled  soaps  in  that  the  oils  are  only  heated  to  their  melting-point  and 
the  lye  added.  The  operation  is  conducted  in  a  crutcher  and  the  mixture 
stirred  until  smooth,  when  it  is  dumped  into  the  frames. 

Floating  Soaps.  The  soaps  which  float  on  Avater  are  prepared  in 
the  same  manner  as  other  soaps,  and  the  specific  gravity  lowere<i  by 
crutching  at  a  high  rate  of  speed,  so  as  to  pump  the  soap  full  of  minute 
air  bubbles.  The  same  result  is  obtained  by  reversing  the  dirt*ction 
of  the  paddle  several  times  during  the  crutching.  Floating  soap  is 
never  milled,  but  on  cooling  in  the  frames  is  cut  into  cakes  and  stampcnl. 

Mottled  Soaps.  The  old-^tjle  mottled  soaps  were  made  by  boiling 
in  a  kettle  over  the  open  fire  and  run  into  frames  to  cool.  During  the 
long  process  of  heating,  certain  decompositions  took  place,  so  that  when 
the  soap  cooled  very  slowly  the  excess  of  lye  and  impurities  segrogatcnl 
to  those  portions  which  were  the  last  to  solidify.  At  present  the  same 
effect  is  produced  by  crutching  with  ferrous  sulphate,  ultramarine,  lani]>- 
black,  or  other  pigment  just  before  the  soap  is  run  into  the  frame. 
Castile  or  Marseilles  soap  sometimes  have  a  green  mottle,  which  changes 
to  red  on  exposure.  This  is  due  to  the  presence  of  ferrous  sulphate^ 
which  has  been  acted  upon  by  the  lye  to  produce  ferrous  hydroxide;  which 
in  its  turn  is  changed  to  ferric  hydroxide  by  exposure  to  the  air. 

Castile  Soap.  This  soap  is  supposed  to  be  made  from  olive  oil  an<I 
soda  lye  only,  but  as  a  pure  olive  oil  soap  becomes  excessively  hard  an<l 
brittle  on  standing,  other  oils  are  usually  added.  The  oils  used  for  this 
purpose  vary,  cocoanut,  linseed,  cottonseed,  and  com  oil  l^eing  usually 
employed.  The  color  of  the  oil  influences  the  color  of  the  finished  prcxluet, 
so  that  we  have  both  white  and  green  ca.stile  soap  due  to  using  either  a 
light  or  colored  oil.  Practically  all  castile  soap  is  either  made  by  the 
cold  or  half-boiled  process. 

Transparent  Soaps.  These  soaps  are  usually  made  by  dissolving 
a  good  soda  soap  in  alcohol,  decanting  away  from  any  insoluble  matter 
and  distilling  off  the  excess  of  alcohol.  This  leaves  the  soap  in  the  form 
of  a  transparent  jelly,  which  is  dried  out  in  moulds  having  the  form  of  the 
cake  desired.  Transparent  soaps  are  also  made  by  the  cold  or  half-boiled 
process,  by  adding  more  glycerine  together  wdth  a  small  amount  of  alcohol 
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and  any  perfume  or  coloring  matter  which  may  be  desired.  A  cheaper 
grade  is  made  by  adding  a  solution  of  cane  sugar. 

Shaving  Soaps.  These  are  usually  soda  and  potash  combination 
soaps,  made  from  high-grade  stock,  and  are  given  their  strong  lathering 
properties  by  adding  rosin;  or  they  may  be  made  on  a  cocoanut-oil  base 
with  the  addition  df  stearic  acid  to  give  body.  Many  shaving  soaps 
contain  glycerine  or  sugar. 

Shaving  Creams.  These  are  potash  soaps  usuallly  made  on  a  cocoa- 
nut-oil  base  to  which  is  added  a  certain  percentage  of  stearic  acid. 

Toilet  Powders.  Most  toilet  powders  are  composed  largely  of  talc, 
to  which  varying  amounts  of  calcium  or  other  stearates  have  been  added. 
Some  powders  also  contain  antiseptic  substances  such  as  l3oric  acid. 

Soap  Powders  for  Toilet  Use.  These  powders  are  prepared  by  com- 
pletely drying  a  good  grade  of  toilet  soap  and  subsequently  pulverizing 
it.  They  must  be  as  near  neutral  as  possible  to  avoid  any  irritation 
w^hen  used  on  tender  skin. 

Soap  Powders  for  Laundry  Use.  The  trimmings  from  laundry  soap 
are  dried  thoroughly,  ground  to  a  fine  powder  and  mixed  with  a  certain 
amount  of  soda  ash.  They  may  also  be  prepared  by  adding  an  excess 
of  soda  ash,  borax,  sodium  silicate,  or  other  filler  to  the  soap  while  it  is 
in  the  crutcher.  Formerly  soap  powders  were  ground  dry,  which  was  a 
source  of  danger  and  great  annoyance  to  the  workmen.  Improved 
processes  have  recently  been  introduced  by  which  means  the  wet  soap- 
is  fed  into  one  end  of  the  machine  and  is  delivered  in  a  dry  and  powdered 
condition  at  the  other. 

Scouring  Soaps.  Soaps  of  this  type  are  made  from  laundry  stock 
to  which  has  been  added  ground  quartz  (silex),  pumice  stone,  or  other 
abrasive  material.  The  soap  is  dried  in  moulds  as  it  cannot  be  readily 
cut  if  allowed  to  harden  in  the  usual  manner. 

Scouring  Powders.  By  adding  varying  amounts  of  silex,  natural 
earths,  or  other  abrasive  matter  to  a  soap  powder  these  products  are 
obtained. 

Metallic  Soaps.  By  adding  soluble  salts  of  the  heavy  metals  to 
neutral  soap  a  precipitate  of  metallic  soap  is  obtained.  Some  of  these 
metallic  soaps  have  very  extensive  application  in  the  industries  and 
in  pharmacy.  The  lead  soap  produced  by  adding  lead  acetate  to  a 
linseed-oil  soap  is  used  as  a  drier  in  mixed  paints.  By  boiling  olive  oil 
with  lead  oxide  **  lead  plaster  '*  is  obtained. 

Glycerine 

In  former  years  the  spent  lye  was  discarded  and  by  this  means  a 
large  amount  of  valuable  material  was  lost.  As  competition  and  the 
demand  for  glycerine  increased,  chemists  and  engineers  were  called  upon 
to  recover  this  valuable  material,  and  we  now  have  several  processes 
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operating  with  this  end  in  view.  The  processes  have  reached  such  a 
stage  of  perfection  that  it  is  almost  impossible  to  find  a  manufacturer 
producing  a  large  quantity  of  soap  who  does  not  recover  his  glj^cerine 
either  in  the  crude  or  refined  condition. 

The  Van  Ruymbeke  Process.  The  spent  lye  from  the  first  boiling 
and  salting  out  is  run  into  tanks,  where  any  excess  of  soap  rises  to  the 
top  and  may  be  skimmed  off.  The  clear  lye  is  treated  with  **  persul- 
phate of  iron,"  which  precipitates  any  soluble  soap,  neutralizes  the  small 
amount  of  alkali,  and  carries  down  any  nitrogenous  matter.  Should 
the  lye  contain  over  .2  per  cent  of  caustic  soda  this  must  be  neutralize<i 
with  hydrochloric  acid  before  adding  the  persulphate  of  iron.  The  pre- 
cipitate formed  is  filter  pressed,  and  the  clear,  colorless  filtrate  evaporated 
under  high  vacuum.  As  the  evaporation  progresses,  more  lye  is  intro- 
duced in  order  to  maintain  a  constant  level  in  the  pan.  During  the 
concentration  most  of  the  salt  and  sodium  sulphate  crystallize  out  in 
a  "  salt'Catch  "  at  the  bottom  of  the  evaporator.  At  the  end  of  the 
concentration  the  salt  is  removed  through  a  door  in  the  front  and  is 
returned  to  the  soapmaker  to  be  used  over  again. 

When  the  concentration  reaches  32°  Be.,  the  liquor  contains  al)out 
80  per  cent  of  glycerine  and  is  kno^\^l  as  "  crude  glycerine.''  IMany 
soap  manufacturei-s  sell  their  product  in  this  condition.  To  purify  the 
glycerine  it  is  now  distilled  under  high  vacuum  in  a  special  still  con- 
taining a  closed  steam  coil,  and  a  perforated  pipe  through  which  super- 
heated steam  is  introduced.  The  glycerine  is  carried  over  mechanically 
with  the  steam  and  on  condensing  is  known  as  '^  sweet  water. ^^  This  dilute 
glycerine  is  again  concentrated  until  a  density  of  30°  B^.  is  reached 
when  it  is  filter  pressed  again,  and  sold  as  '*  dynamite  glycerine.'^  To 
prepare  **  chemically  pure  "  glycerine  the  dynamite  glycerine  is  diluted, 
treated  with  milk  of  Hme,  bleached,  filter  pressed,  and  concentrated. 

The  Twitchell  Process.  The  object  of  this  process  is  to  separate 
the  glycerine  from  the  fatty  acids  with  which  it  is  combined,  sq  that 
the  latter  may  be  used  directly  in  making  soap  by  the  cold  process,  or 
employed  in  the  manufacture  of  candles.  The  glycerine,  being  recovereil 
in  a  concentrated  condition,  may  be  marketed  without  installing  the 
expensive  equipment  necessary  for  the  other  processes. 

The  fat  to  be  treated  is  brought  to  a  boil  by  heating  with  open  steam 
coil.  While  boiling,  IrJ  per  cent  of  60°  Be.  sulphuric  acid  is  added  and 
the  boiling  continued  for  two  hours.  The  steam  is  now  turned  off  and 
the  acid  water  allowed  to  settle  out  by  standing.  It  is  of  the  utmost 
importance  that  the  waste  acid  drawn  off  should  not  be  weaker  that 
8°  B6.y  as  the  stock  will  not  work  properly  in  the  next  part  of  the  process 
if  the  acid  water  is  drawn  off  too  weak.  For  each  500  lbs.  of  the  washeil 
fat  100  lbs.  of  distilled  water  is  added.  The  steam  is  turned  on,  the 
contents  of  the  vat  brought  to  a  boil,  and  the  special  saponifier  added. 
The  boiling  is  then  continued   for  twelve  to  twenty-four  hours,  at  the 
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end  of  which  time  most  of  the  glycerine  will  have  been  extracted,  and 
the  fat  should  show  85  to  95  per  cent  of  free  fatty  acid.s.  The  glycerine 
water,  which  now  separates  nicelj'  in  about  half  an  hour,  contains  about 
15  per  cent  of  glycerine;  it  is  drawn  ofif  and  a  fresh  supply  of  water  added. 
The  solution  thus  formed  is  treated  with  milk  of  lime  and  the  sludge 
separated  by  settling  or  filtration,  after  which  the  glycerine  liquor  is  ready 
to  be  evaporated  to  the  crude  condition  or  treated  by  anj-  of  the  usual 
methods. 

Caxdles 

The  principal  materials  used  for  eandle-making  are  stearic  acid, 
palmitic  acid,  paraffin,  spermaceti,  certain  waxes,  and  sometimes  tallow. 
Candles  are  made  by  "  dipping,"  "  pouring  "or  "  moulding." 

Dipped  Candles.  The  cheapest  as  well  as  the  oldest  method  of 
making  candles  is  carried  out  bj-  this  method.  In  many  of  the  old  New 
England  homes  may  still  Ix- 
found  the  relics  of  the  tallow 
dip,  as  in  our  great-grand- 
fathers' days  everv'body  was 
his  own  candle  manufacturer. 
The  method  consists  in  re- 
peatedly dip)}ing  the  wick  into 
the  melted  stock,  each  layer 
being  allowed  to  solidify  Iwfore 
the  next  dip. 

Poured  Candles.  This  ];)ro- 
cess  consists  in  pouring  tiic 
i.ielted  stock  slowlj-  over  the 
wick,  which  is  stretched  in  a 
frame.  It  is  only  used  for 
wax  candles,  as  this  stock  con- 
tracts so  much  on  cooling  that 

it  does  not  lend  itself  to  the  ^ '°-  303--C,mrile  Machine, 

moulding  operation.     To  give 

the  candles  a  uniform  thicknp.ss  and  better  appearance  thej-  are  rolled, 
while  still  in  a  plastic  condition,  on  a  Hat  table  with  a  smooth  board. 

Moulded  Candles.  Most  candles  are  made  bj'  this  process  in  a 
machine,  Fig.  303.  having  a  e^■lind^ical  metal  form,  through  which  the 
wick  is  drawn.  The  stock,  while  in  a  melted  condition,  is  poured  into 
the  moulds  and  solidifies  around  the  wick.  When  cool  the  casing  is 
removed  and  the  candle  finished. 

Wicks.  The  wicKs  are  made  of  twt.-ite<l  cotton  yarn,  one  thread  Itelng 
drawn  tighter  than  the  others  so  as  to  cause  the  wick  to  curl  when  burnt. 
By  bending  over  it  is  exposed  to  the  air  and  is  consumed,  thus  olniating 
the  necessity  of  snuffing. 
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Preparation  of  Fatty  Acids.  The  stearic  and  palmitic  acids  used 
in  candle-making  are  prepai'ed  by  saponification  of  fat  with  lime,  with 
dilute  acid  under  pressure,  or  by  means  of  superheated  steam.  In  all 
cases  the  separated  fatty  acids  are  chilled  and  subjected  to  hydraulir 
pressure.  The  liquid  fatty  acids,  mostly  oleic  acid,  which  are  presv-^^i 
out,  constitute  commercial  '* red  oiV*  or  ^'olein''  employed  as  a  soap 
stock;  while  the  solid  fatty  acids  known  as  "  stearine  "  are  employe*! 
as  a  candle  stock. 
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XXVIII 
LAUNDERING 

W.   F.   FARAGHER 
Research  Chemist,  The  Alden  Speare^s  Sans  Co.,  Boston 

Groyfth  of  the  Industry.  The  growth  of  the  power  laundering  mdustry 
during  the  thirty-five  or  forty  years  since  its  initiation  in  this  country 
has  been  almost  phenomenal.  The  Census  Bureau  has  never  included 
laundries  in  the  list  of  industries  reported,  and  as  yet  no  systematic 
compilation  of  laundry  statistics  Ls  available  from  other  sources.  How- 
ever, a  conservative  estimate,  ^  places  the  number  of  plants  now  operated 
at  eight  thousand,  and  the  number  of  employees  at  125,000.  From 
these  figures  it  will  be  seen  that  power  laundering  has  a  much  greater 
commercial  importance  than  is  generally  supposed. 

Among  the  numerous  factors  which  have  made  this  rapid  develop- 
ment possible,  the  two  following  may  be  cited  as  the  most  important. 
First,  the  marked  changes  which  have  occurred  in  the  social  and 
economic  conditions  throughout  the  country,  and  second,  the  great 
advances  made  in  laundry  practice  as  a  result  of  the  ingenuity  displayed 
by  progressive  launderers  and  manufacturers  of  laundry  machinery  and 
supplies. 

Most  satisfactory  results  have  been  obtained  in  the  invention  of 
new  kinds  of  labor  saving  devices,  and  it  must  be  conceded  that  the 
standard  of  excellence  of  the  mechanical  equipment  in  the  laundries 
compares  favorably  with  that  of  other  kinds  of  machinery.  Relatively 
more  remains  to  be  done  in  bringing  the  chemical  side  to  an  equally 
satisfactory  level.  Only  recently  has  the  value  of  introducing  methods 
devised  in  accordance  with  a  knowledge  of  chemical  principles  been 
realized,  and  in  a  majority  of  plants  *^  rule  of  thumb  *'  methods  are 
still  followed. 

*  Editors  of  the  laundry  trade  journals  have  furnished  these  estimates,  which  are 
as  reliable  as  can  be  had.  The  population  returns  of  the  Twelfth  Census  showed 
that  in  1900  387,013  persons  were  reported  as  launderers  and  laundresses,  but  this 
includes  others  than  those  employed  in  power  laundries. 

Laundries  have  been  included  in  the  1910  report  of  the  Census  Bureau.  The 
number  of  power  laundries  given  is  5184.  This  does  not  include  hotel,  factory  or 
institutional  plants,  but  it  is  evident  that  the  figures  given  in  the  above  estimates  are 
somewhat  too  large.    However,  the  showing  is  still  a  very  creditable  one. 
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Nothwithstanding  this  fact,  and  in  spit*  of  it,  the  quality  of  ivork 
which  can  be  obtained  by  the  use  of  macliincr^'  and  Hupplies  now  avail- 
able and  in  use  is  very  good.  In  fact,  many  laundries  do  a  grade  of 
work  that  is  excellent  in  appearance  and  do  it  with  comparativelj-  little 
injurj'  to  the  fabrics.  It  is  the  small,  poorly  equipped,  and  badly 
managed  laundries  which  are  responsible  for  the  prevalence  of  the  notion 
that  the  steam  laundry  at  its  best  is  a  failure.  Although  the  posfiibilities 
in  this  field  have  by  no  means  all  been  realized,  much  has  been  accom- 
plished and  tiie  future  certainly  holds  much  in  store. 

The  practice  of  doing  laundry  work  in  the  homes  and  by  the  help 
of  washenvomen  has  become  less  general,  as  the  quality  of  the  work 
done  by  the  power  laundries  has  improved-  It  seems  inevitable  that 
the  change  shall  continue  at  an  increasing  rate,  for  the  laundries  will 
be  enabled  to  do  better  and  cheaper  work,  and  to  observe  letter  sanitary 
conditions  as  improvements  continue  to  lie  introduced. 

The  laundering  industry  is  not  to  be  classed  as  a  purely  chemical 
industrv-,  but  like  many  others  which  are  lai^ely  mechanical,  it-^  succes.sful 
operation  depends  on  the  proper  combination  of  mechanical  and  chemical 
processes.  Hesides  those  chemical  reactions  which  are  eK.sential  i)art.i 
of  the  work,  there  are  others  which  occur,  under  certain  condition.-i, 
as  objectionable  irregularities.  The  more  extensively  the  details  of  l)oth 
of  these  classes  have  been  taken  into  consideration  and  controlled  in  a 
given  plant,  the  more  uniform  and  satisfactory  have  lieen  the  result.s 
obtained.  For  these  reasons  a  brief  description  of  the  methods  employed 
in  a  uindcm  power  laumlry  may  not  be  without  interest  and  value  to 
chemists. 

The  laimdercr's  business  is  the  cleansing  and  sul)seyuent  finishing 
for  use  of  textile  fabrics,  an<l  this  Is  neeessarilj'  custom  work.  For  this 
reason,  the  methods  employed  will  be  different  in  different  localitier*, 
but  the  essential  features  are  quite  similar  throughout  the  country. 
The  laundering  problem  is  a  complex  one,  on  account  of  the  great  variety 
of  fabrics  to  be  handled,  and  the  large  numlwr  of  dyestuffs  now  us^'d 
complicates  the  matter  still  further.  On  account  of  the  differences 
in  the  chemical  properties  of  the  various  fibers  and  dyes-tuffs,  numerou.s 
n:?thods  of  treatment  are  necessary  for  the  different  classes  of  articles. 
Those  textile  fil>crs  most  lai^ely  used  arc  cotton,  flax,  wool,  and  silk, 
woven  either  separately  or  in  different  combinations.  The  list  of  dye- 
stuffs  is  an  extremely  large  one.  For  the  successful  performing  of 
laundry  work,  a  knowletlge  of  the  chemical  properties  of  these  different 
fibers  and  dyes  is  es.sential. 

Another  factor  which  causes  differences  in  the  processes  emploj'ed 
Is  the  nature  of  the  substances  to  be  removed  and  the  extent  to  which 
the  articles  are  soiled.  It  is  difficult  to  clas.sify  these  substances,  but 
roughly,  divisions  may  be  made  as  follows:    Albuminous  substances, 

«;iinli  na  hlnnd   nnH  nirir  stiiiiis    vnm-tiihip  (Ive!!  whifh  r!Hiisi>  fpiiit   nnrl  ivinu 
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stains;  fats  and  oils,  including  hydrocarbon  greases  and  oils;  acid  and 
alkali  stains;  body  excretions  and  waste  epithelial  cells;  old  starch; 
street  dirt  and  soot. 

For  convenience  of  treatment,  the  work  of  the  laundry  may  be  divided 
into  several  parts.  These  include  generation  of  power,  collection,  listing, 
marking  and  sorting  of  the  articles,  washing,  starching,  drying,  dampening 
and  ironing,  followed  by  finishing  and  preparation  for  distribution.  It 
is  obvious  that  many  of  these  operations  are  not  based  on  chemical 
principles,  and  these  will  be  described  only  briefly,  in  order  that  the 
connection  between  the  various  steps  may  be  apparent. 

Power  Plant.  A  description  of  the  power  plant  is  not  necessary, 
since  it  differs  in  no  way  from  that  used  for  other  purposes.  Besides 
the  steam  generated  for  driving  the  engines,  large  quantities  are  used 
for  heating  ironing  machines,  drying  rooms,  hot-water  tanks,  starch 
cookers,  and  various  other  kinds  of  apparatus.  Use  is  frequently  made 
of  the  exhaust  steam  for  some  of  these  purposes,  and  this  effects  a  con- 
siderable saving  in  expense.  Electrical  machinery  is  being  installed 
quite  extensively,  especially  for  driving  those  machines  which  are  used 
only  at  irregular  intervals.  This  electrical  machinery  has  the  advantage 
of  cheapness  of  operation  and  also  makes  it  possible  to  dispense  with 
overhead  shafting  and  belts,  which  are  very  objectionable  on  account 
of  the  dirt  and  grease  they  allow  to  fall. 

Marking.  After  collection,  the  bundles  are  brought  to  the  marking 
room.  There  they  are  opened,  all  articles  not  already  marked  are 
marked  with  an  indelible  ink,  and  a  list  of  each  customer's  articles  is 
made.  Machines  operating  on  the  typewTiter  principle,  allow  the  marking 
to  ]ye  done  neatly  and  quickly,  and  a  tabulator,  recently  invented,  makes 
and  prints  a  correct  list  of  all  the  articles.  The  sorting  into  lots  of  the 
same  kind  is  next  done,  when  the  articles  are  ready  for  the  washroom. 

Washing  Machine.^  This  part  of  the  process  is  the  one  which  eu' ploys 
chemical  reactions  more  largely  than  any  of  the  others.  The  proper 
handling  of  the  articles  in  the  washroom  Ls  absolutely  necessary  for 
the  turning  out  of  properly  finished  work,  and  also  for  the  prevention 
of  excessively  harmful  action  to  the  fibers. 

The  machines,  Fig.  304,  in  which  the  washing  is  done  consist  of  two 
concentric  wood  cylinders  (the  inner  one  is  often  brass)  with  a  space  of 
several  inches  between  them.  The  outer  cylinder  is  stationary  and  is 
connected  to  the  water  and  steam  pipes,  and  also  to  the  drain  pipe.  The 
inner  cylinder,  into  which  the  clothes  are  placed  through  a  hinged  door,  is 
perforated  with  a  series  of  small  holes,  which  allows  the  liquids  introduced 
to  partly  fill  both  cylinders.  For  the  purpose  of  forcing  the  solution 
through  the  fabrics,  the  inner  cylinder  is  revolved,  and  an  automatic 
reversing  device  operates  at  regular  short  intervals.     All  of  the  solutions 

*  The  illustrations  in  this  chapter  are  from  the  American  Laundry  Machinery 
Manufacturing  Co.,  Chicago,  111. 
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with  which  the  articles  are  treated  are  introduced  into  the  washer  in 
succession,  and  the  clothes  are  not  removed  until  they  are  finished  and 
ready  for  the  extractors,  which  are  centrifugal  drying  machines. 

Detergents.  The  detei^ents  used  are  water,  soap,  carbonate  and 
bicarbonate  of  sodium  and  potassium,  sodium  hydroxide,  borajc,  and 
mixtures  of  carbonates  and  bicarbonates,  sold  under  trade  names  a-' 
washii^  sodas.  In  choosing  a  substance  from  the  list,  not  only  should 
its  action  as  a  cleansing  agent  be  considered,  but  the  possibility  of  it^^ 
attacking  the  fabrics  should  not  be  lost  sight  of.  Soaps  are  unquestionahly 
the  best  detergents,  and  the  practice  of  adding  large  quantities  of  alkaline 
substances  to  them  is  not  a  good  one,  in  case  a  soft  water  is  being  used. 
Neutral  soaps,  to  the  solutions  of  which  small  quantities  of  soda  a.sh 
may  be  added,  are  preferable  to  strongly  alkaline  soaps,  which  are 
generally  used  in  ^orance  of  their  alkalme  content.  Ebcpcrinients  have 
shown  that  soda  ash  is  just  as  satisfactory  as  the  prepared  washing  sods:", 


hia.  304.— Washing  Machine. 

provided  it  be  used  properly,  and  it  has  the  advantage  of  costing  les-s. 
Prejudice  against  the  use  of  swla  ash  seems  to  be  duo  to  the  fact  that 
it  is  used  in  too  large  quantities,  since  the  amount  of  washing  soda  called 
for  in  the  regular  formula  is  simply  replaced  by  a  like  quantity  of  soda 
ash,  when  a  change  is  made.  Since  the  washing  sodas  are  approximately 
half  soda  ash  and  half  sodium  bicarbonate  (exclusive  of  the  water  con- 
tent) it  is  seen  that  a  much  smaller  quantity  of  soda  ash  should  be  taken 
to  give  an  equally  strong  alkaline  solution.  Alkalies  react  readily  with 
wool  and  silk,  but  do  not  attack  cellulose  appreciably  unless  the  solu- 
tions are  concentrated.  The  chief  objection  to  their  use  with  cellulft^ 
is  the  production  of  a  yellow  color,  even  if  the  solutions  be  relatively 
weak. 

Laundry   Soaps.     The  best   soaps  for  general   use  are  those   made 
from  good  grades  of  red  oil — crude  oleic  acid.     They  are  much  more 
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soluble  than  tallow  soaps^  and  the  oleates  have,  in  addition,  more  pro- 
nounced detergent  action  than  the  palmitates  and  stearates.  This 
greater  solubility  is  an  advantage,  since  it  permits  more  eflScient  removal 
of  the  soap  by  rinsing.  Resin  soaps  are  inferior  as  cleansers,  and  further- 
more they  produce  a  yellow  cast  in  the  fabrics  when  used  repeatedly.^ 

Theoiy  of  Washing.  For  many  years  the  detergent  action  of  soap 
has  been  a  subject  of  much  interest  to  chemists,  and  consequently  a  large 
number  of  theories  has  been  advanced  for  its  explanation.  It  is  inter- 
esting to  note  that  all  of  these  theories,  except  one  published  within  the 
last  year,*  start  from  the  same  premise,  as  regards  the  condition  of  the 
substances  to  be  removed,  the  dirt.  According  to  this  assumption,  all 
dirt  adheres  to  fabrics  because  of  a  film  of  fatty  substances,  and  only 
when  the  latter  is  removed  is  it  possible  for  ^he  dirt  particles  to  be 
loosened  and  carried  away  by  the  suds.  The  point  of  difference  between 
all  of  these  theories,  with  the  one  exception,  is  simply  the  manner  in  which 
this  film  is  thought  to  be  destroyed.  Although  this  cause  for  the  adhering 
of  dirt  particles  is  undoubtedly  operative  in  many  cases,  it  seems  very 
likely  that  the  conclusion  that  it  is  exclusively  true  Is  unwarranted — 
it  at  least  lacks  experimental  proof.  Wliatever  may  be  thought  of 
Spring's  theory,  it  must  be  admitted  that  his  experiments  show  that 
soap  possesses  marked  detergent  properties  under  conditions  where  a 
fatty  film  is  certainly  absent.  No  one  of  these  theories  seems  to  ac- 
count for  all  of  the  known  facts,  and  the  problem  still  lacks  an  entirely 
.•satisfactory  solution. 

The  earliest  theory  is  that  of  Chevreul,  which  was  published  in  the 
report  of  his  researches  on  animal  fats  (1811-23).'*  These  investiga- 
tions showed  that  soap  is  decomposed  into  free  alkali  and  acid  salts  of 
the  fatty  acids  when  it  is  dissolved  in  large  quantities  of  water.  The 
alkali  thus  formed  is  a.ssumed  to  be  most  largely  responsible  for  the 
<letergent  properties,  which  are  accounted  for  as  follows:  By  a  simple 
saponification  of  the  fats  by  this  alkali,  the  dirt  particles  are  thought 
to  be  left  free  and  carried  away  and  prevented  from  settling  in  the 
fabrics  by  the  acid  salts  of  the  fatty  acids,  which  constitute  the  suds. 
This  explanation  is  an  ingenious  one,  and  has  for  many  years  been  most 
favora}>ly  received.  However,  there  seem  to  be  objections  to  it  which 
are  insurmountable. 

It  is  true  that  soaps  do  undergo  hydrolysis,  but  with  soap  solutions 
of  the  strength  ordinarily  used — only  several  per  cent  of  soap — the 
<iuantity  of  alkali  produced  by  the  reaction  is  necessarily  small,  since 
measurements  of  the  per  cent  of  hydrolysis  give  small  values.'*     Since 

'  H.  L.  Jackson,  Cantor  Lectures,  1907;  also  Dafert  and  Wolfbauer,  Oeater.  Chem, 
Ztg.,  1908,  No.  12,  abstracted  in  Cfiem.  Abstracts,  1909,  p.  1224. 

2  VV.  Spring,  Zs.  fiir  Chem.,  ^ind  Ind.  der  KoUoide  IV,  161  (1909),  also  Rec.  Trav. 
Chim.  des  Pays-Bos,  XXVIII  (2  serie,  XIII),  p.  120. 

^  Chevreul,  "Recherches  Chimiques  sur  les  corps  gras  d'origine  animale.'' 

*  H.  L.  Jackson,  Cantor  Lectures,  1907. 


saponification  at  best  is  one  of  the  slower  chemical  processes,  it  is  incon- 
ceivable that  this  weak  alkaline  solution  could  exert  an  appreciable 
action  on  the  fats  in  the  short  time  necessary  for  washing.  Besides, 
solutions  of  the  alkalies  of  the  same,  or  even  greater  strength,  are 
inferior  as  cleansers. 

A  theory  which  seems  to  Ije  supported  by  a  larger  number  of  facts 
assumes  that  the  detergent  properties  must  be  ascribed  to  the  emul- 
sitication  of  the  fats  which  are  the  cause  of  adherent  dirt.'  The  properties 
which  seem  to  be  most  closely  cciinectetl  with  the  detergent  action  are 
a  high  surface  viscosity  and  a  low  surface  tension,  both  of  which  are 
possessed  by  soap  solutions  to  a  marke<l  degree. 

Besides  the  breaking  up  of  the  fatty  film  the  power  of  wetting  oily 
surfaces  and  of  lubricating  <lirt  particles  and  fibers  must  be  considered 
important  factors  in  the  cleansing  process.  Hillyer  ^  has  shown  by  a, 
number  of  experiments  that  these  properties  also  are  due  to  the  unde- 
composed  portion  of  the  soap  and  not  to  the  alkali  fonned  by  hydrolysis. 
A  method  for  grading  commercial  soaps  which  is  based  on  this  theory, 
has  been  dcvi.scd  by  Hillyer.  The  surface  tension  of  solutions  of  th* 
different  soaps  against  a  standard  hydrocarbon  oil  is  measured  bj'  the 
flrop  method.  The  values  obtained  classify  the  soaps  in  the  order  of  their 
u.sefulness  as  detei^ents,  since  solutions  having  low  surface  tensions, 
are  shown  experimentally  to  l>e  superior  detergents. 

As  an  amplification  of  the  alx>vc  theory  another  has  been  advanceil 
which  includes  the  influence  of  pedesis,  or  the  so-called  Brownian  move- 
ment, in  affecting  the  size  of  the  dirt  particles.^  Experiments  are  cited 
which  are  interpreted  as  proving  that  the  l)ombar(!ment  of  attached 
dirt  by  the  microscopic  particles' in  suspension  which  show  the  Brownian 
movement  causes  a  disintegration  of  the  dirt  into  portions  small  enough 
themselves  to  exhibit  pedesis.  W.  S.  Jevons*  had  published  a  theory 
which  is  quite  similar  to  the  al)ove,  but  which  did  not  ascribe  as  large 
a  part  to  the  emulsification  of  the  fats. 

The  peculiarity  about  Spring's  theorj-  ^  is  that  he  proposes  a  new 
reason  for  the  adherence  of  dirt  particles  to  fibers,  namely,  the  formation 
of  a  dirt-fiber  adsorption  compound.  The  explanation  of  the  cleansing 
action  of  soap  .solutions  is  given  by  the  formation  of  more  stable  soap- 
dirt  ad.sorption  compounds,  which  are  carrietl  away  by  the  mechanical 
action  exerted  during  the  wa-^hing  process.  This  removes  the  problem 
to  the  field  of  colloid  chemistry,  a  branch  of  the  science  which  is  just 
now  experiencing  a  wontlerful  growth.  Although  many  facts  are  enu- 
merated in  support  of  this  theory,  it  would  seem  that  it  has  not 
assumed  its  final  form,  as  yet. 

'  Hillyer,  J.  Am.  CAcm.  Sac.,  XXV,  511-32,  also  1256-65. 

=  Hillver  (I.  p.). 

=  H.  t..  Jackson  (1.  c). 

'  W.  .S.  Jpvons,  Chem.  .Vcics,  21,  66. 
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Classes  of  FabiicSt  The  nature  of  the  treatment  is  conditioned  by 
the  kind  of  fabrics  being  washed,  and  a  number  of  classes  might  be  made 
as  follows:  white  collars,  cuffs,  and  shirts,  either  linen  or  cotton;  colored 
cotton  clothes,  usually  sorted  as  to  colors;  woolen  goods;  white  fabrics 
othei-  than  shirts  and  collars;  and  silks.  It  is  evident  that  all  of  these 
groups  could  not  be  submitted  to  the  same  treatment;  as  for  example, 
all  could  not  bleached  by  chloride  of  lime,  as  are  the  white  cotton  and 
linen  goods.  In  order  to  simplify  the  present  description,  only  the 
process  employed  in  the  case  of  white  linen  and  cotton  fabrics  will  be 
outlined  and  some  of  its  chemical  points  will  be  discussed.  The  main 
differences  between  this  and  the  other  processes  will  then  be  mentioned 
briefly. 

A  representative  outline  of  the  '^  collar  and  cuff  "  treatment  is  the 
following : 


1 .  Cold  riiiso 

2.  First  suds 

3.  Second  suds  and  bleach 

4.  Warm  rinse 

.5.  Warm  rinse 

0.  Wiirm  rinse  and  acid .  . 

7.  Blue 

5.  Rinse 

9.  Kinse 


Temperature. 

Time  of  Run. 

Room  temperature 

5  min. 

Brought  gradually  to  boiling  temperature 

25  min. 

in  10  to  15  minutes 

Brought  gradually  to  boiling  temperature 

25  min. 

in  10  to  15  minutes 

60-80°  C. 

5-10  min. 

60-80°  C. 

5-10  min. 

40° 

5-10  min. 

40° 

5-10  min. 

40° 

5-10  min. 

40° 

.5-10  min. 

Water  Supply.  Since  water  is  used  throughout  the  washing  process, 
and  is  easily  the  most  important  agent  of  all,  it  may  be  well  in  the  start 
to  state  the  conditions  which  must  be  realized  in  a  water  supply,  if  good 
results  are  to  be  obtained.  Hard  water  should  never  be  used  in  the 
washer.  If  it  is  used  in  making  the  soap  solution,  or  in  the  rinses, 
difficultly  soluble  soaps  of  calcium  and  magnesium,  which  are  difficult 
to  remove,  are  precipitated  in  the  fibers.  If  not  removed,  they  make 
the  fabrics  harsh,  and  when  heated  in  the  dr>Toom,  or  in  the  ironing 
machines,  they  decompose  with  the  formation  of  yellow  or  brown  sub- 
stances. Experiments  made  by  the  writer  have  shown  that  larger 
quantities  of  soap  and  alkaline  substances  are  removed  by  soft  water 
than  by  hard,  and  the  color  of  the  finished  product  is  uniformly  better 
in  the  fonner  case.  This  is  contrary  to  the  belief  general  among  launderers, 
since  when  soft  water  is  used,  the  rinse  water  continues  to  form  suds 
even  after  several  changes.  This  is  not  due,  however,  to  a  removal 
of  less  soap  in  this  case,  but  rather  to  the  fact  that  by  the  use  of  hard 
water  the  soap  is  changed  into  the  above  mentioned  calcium  and  mag- 
nesium compounds,  which  do  not  foam  on  account  of  their  slight 
solubility. 
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The  softening  must  be  carefully  done,  so  that  the  water  is  left  as 
nearly  neutral  as  possible.  Otherwise  a  larger  quantity  of  alkali  must 
be  neutralized  when  the  acid  is  added  ^  for  the  sour  bath  (6),  which  occasions 
an  unnecessary  expense.  On  account  of  the  large  quantities  of  water  used, 
and  since  verj'  few  water  supplies  are  suitable  without  treatment,  a  water 
softening  plant  of  some  kind  should  be  installed  in  every  laimdry.  It  is 
not  diflScult  to  prepare  a  water  which  has  from  three  to  five  degrees  of 
hardness,  and  which  is  nearly  neutral.  An  elaborate  plant  is  not  necessary 
— two  tanks  of  suitable  size  to  furnish  the  water  needed  are  sufficient. 
Water  may  be  used  from  one  of  these,  while  the  precipitate  in  the  other  is 
settling  out.  The  reagents  maj"  be  mixed  with  the  raw  water  by  stirring 
with  a  paddle,  with  exhaust  steam,  or  with  compressed  air.  Ver\- 
efficient  plants  which  furnish  a  continuous  supply  of  water  are  available. 
These  have  the  advantage  of  requiring  less  ground  space  per  given 
hourly  output  of  softened  water  than  those  of  the  above  described 
ikitermittent  type.  Complete  plants  of  the  latter  kind,  which  give 
perfectly  satisfactory'  results,  are  also  available.  In  the  event  that  sus- 
pended substances  are  not  carried  down  by  the  precipitate  during  the 
settling,  coagulants,  such  as  alum,  may  be  added.  A  satisfactory^  pro- 
cedure is  to  filter  such  waters  through  pressure  sand  filters  which  are 
designed  for  use  in  laundries.  These  filters  give  very  good  satisfaction, 
and  are  easily  cleaned  in  a  very  few  minutes  by  simply  changing  several 
valves.  With  an  abundant  supply  of  clear  soft  water  good  results  are 
made  much  easier  than  is  otherwise  the  case. 

Cold  Rinse.  After  the  clothes  are  put  into  the  machine,  cold  water 
is  admitted  and  allowed  to  remain  for  about  five  minutes.  The  object 
of  this  cold  water  bath,  to  which  a  little  soda  ash  or  washing  soda  is 
frequently  added,  is  to  remove  loose  dirt,  and  also  to  dissolve  albuminous 
substances,  which  would  be  coagulated  if  hot  water  were  used  at  once. 
After  about  five  minutes  this  action  should  be  complete,  and  the  water 
is  discharged. 

First  Suds.  Hot  water  Is  now  run  in,  and  the  soap  solution  con- 
taining the  alkaline  substances,  if  any  are  to  be  added,  are  introduced. 
By  admitting  steam  from  the  boiler,  the  temperature  of  the  water  may 
be  raised  to  about  the  boiling  point  and  kept  there  during  the  remainder 
of  the  run.  The  quantity  of  soap  and  alkali  added  is  varied  with  the 
conditions,  an  average  being  sufficient  to  make  the  strength  of  solution 
about  J  per  cent  in  soap,  and  I  per  cent  soda  ash.  For  a  machine  designed 
to  wash  75  lbs.  (approxhnately)  of  air  dry  clothes,  about  thirty  gallons 
of  this  solution  are  required.  After  twenty-five  minutes  the  solution  is 
discharged.  A  very  good  feature  would  be  to  rinse  at  this  stage  in  order 
to  remove  the  dirty  soap  solution  left  in  the  clothes. 

Second  Suds.  The  second  soap  and  alkali  solution  is  generaUy  made 
a  little  weaker  than  the  first.  The  bleach  liquor  is  added  along  with  the 
soap,  and  the  whole  discharged  after  twenty-five  minutes.     The  bleach 
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most  frequently  used  is  sodium  hjrpochlorite  made  from  the  calcium 
salt  by  treatment  with  soda  ash.  Electrolyzers  for  the  preparation  of 
sodium  hypochlorite  from  conunon  salt  solutions  by  electrolysis  are 
being  introduced  into  some  of  the  laundries.  The  bleach  liquor  pro- 
duced by  them  is  similar  in  action  to  that  made  from  bleaching  powder 
and  soda  ash,  as  would  be  expected.  The  former  contains  more  sodium 
chloride,  but  is  more  easilj'  prepared  neutral  than  the  latter.  Enough 
of  this  bleach  solution  is  added  in  the  washer  mentioned  above  to  yield 
from  50  to  70  gms.  of  available  chlorine.  Many  colored  substances  are 
removed  by  being  oxidized  by  the  hypochlorite,  the  resulting  colorless 
substances  being  taken  away  by  the  soap  and  alkaline  substances  added. 
Many  tests  have  shown  that  the  available  chlorine  is  all  used  up  in  from 
ten  to  thirty  minutes  under  the  conditions  it  is  used,  the  difference  in 
time  depending  on  the  rate  at  which  the  solution  is  heated.  This  fact 
is  of  importance  to  launderers,  and  explains  the  appearance  of  a  yellow 
color  in  certain  lots  of  clothes.  The  yellow  color  is  caused  by  the  forma- 
tion of  a  colored  substance  through  the  action  of  alkalies  ^ith  oxycellulose, 
the  oxidation  product  of  cellulose  and  the  hypochlorite.  The  persist- 
ence of  this  color  becomes  possible  when  the  available  chlorine  is  all 
destroyed  before  the  solution  is  discharged.  The  yellow  compoimd  is 
destroyed  by  hypochlorites,  also  by  acids. 

The  most  harmful  part  of  the  washing  process,  as  it  is  ordinarily 
conducted,  is  unquestionably  the  bleaching.  This  has  been  shown  in 
a  niunber  of  ways.^  Independent  series  of  collars  have  been  treated 
each  by  a  separate  one  of  the  operations,  e.g.,  soap,  alkali,  soap  and 
bleach,  acid,  etc.,  and  then  starched  and  ironed.  Those  collars  of  the 
bleach  series  broke  much  sooner  than  the  others — seven  to  nine  treat- 
ments being  an  average  for  the  bleached  collars,  and  twenty-five  for  a 
series  washed  in  hot  water  and  employed  as  a  check.  A  determination 
of  the  breaking  strength  of  cotton  threads  has  shown  the  same  thing.^ 
Threads  which  broke  originally  at  1725  gms.  had  their  breaking  strength 
decreased  to  100  gms.  when  treated  twenty  times,  using  the  larger  quantity 
of  available  chlorine  mentioned  above. 

Acid  Rinse.  The  purpose  of  the  acid  solution  is  the  neutralization 
of  all  alkalies  not  rinsed  from  the  goods.  The  blues  which  are  used 
to  counteract  yellowness  in  the  clothes  are  basic  aniline  dyes,  and  are 
decomposed  by  alkalies.  Sufficient  acid  is  added  to  neutralize  the  alkalies 
and  to  leave  a  slight  excess — usually  less  than  N/50  with  respect  to  the 
acid.  The  acids  used  are  acetic,  lactic  and  oxalic.  The  first  two  have 
the  advantage  of  being  very  weak  acids  and  consequently  do  not  attack 
cellulose  readily,  even  when  their  solutions  are  concentrated.    Oxalic 

'  Unpublished  results  by  writer. 

*  Series  of  100  threads  each  were  used  in  order  to  obtain  a  reliable  mean  value. 
Duplicate  determinations  show  that  the  mean  thus  obtained  is  accurate  within  the 
limit  of  the  other  experimental  errors. 
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acid  is  considerably  strongpr  than  these,  but  is  extensively  used  because 
it  removes  iron  stains,  on  account  of  the  formation  of  complex  iron- 
oxalate  anions.  The  action  between  acid  and  cellulose  is  not  marked  -o 
long  as  the  acid  remains  dilute,  as  is  the  case  while  the  fabrics  are  in  the 
machine.  However,  any  acid  which  is  not  rinsed  out  l>ecomes  concentrated 
when  the  articles  are  placed  in  the  drying  room,  or  passed  over  the 
heated  rolls  of  an  ironing  machine.  Since  tlie  acid  is  not  used  up  during; 
the  reaction,  a  small  quantity  of  this  dilute  solution  is  able,  after  con- 
centration, to  hydrolyze  considerable  cellulose  in  a  relatively  short  time. 

Tests  were  run  on  series  of  cotton  threads  as  follows:  the  threads 
were  dipped  into  N,50  solutions  of  sulphuric,  hydrochloric,  acetic  ami 
oxalic  acids.  They  were  then  run  in  an  extractor  without  having  been 
rinsed,  and  dried  for  twenty  minutes  at  100°  C  This  operation  was 
repeated  ten  times,  rinsing  with  distilie<l  water  between  treatments 
in  order  to'  remove  the  aci<l  left.     The  following  results  were  obtaineti:^ 

Original  breaking  .-itrength 1725 

Acetic  acid  series 1520 

( )xalic  acid  series 265 

Hydrochloric  acid  scries <20 

Sulphurii'  acid  scries <  20 


-a  Cenlrifugal  Machine. 

Boiling  a  series  of  threads  in  X,  50  oxalic  acid  solution  for  three  hox:r^ 
raused  a  decrease  to  1250.  It  will  be  seen  that  if  oxalic  acid  be  used  and 
no  rinse  follows  the  l)hie  solution,  this  operation  is  one  of  the  most 
harmful.  A  series  of  collars  treated  in  this  acid  solution  with  no  sul)- 
sequent  rinse  were  starched  and  ironed,  with  the  result  that  after  eie;ht 
to  ten  times  all  of  tliem  had  broken. 

Very  frequently  all  of  the  alkali  is  not  neutralized,  and  when  this 
is  the  case  the  blue  does  not  set  evenly.     Besitles,  the  alkali  causes   a 
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conversion  of  starch  to  dpxtrins  and  glucose  when  heated  in  the  ironing 
machine.  These  substances  decompose  at  the  high  temperature  into 
\-tllow  products,  a  fact  which  often  explains  the  production  of  poor 
work  under  these  conditions.'  From  the  washer  the  articles  are  placed 
in  large  centrifugal  machines,  Fig.  305,  which  are  driven  at  a  speed  of 
1700  to  2000  revolutions  per  minute.  This  removes  most  of  the  water 
in  al>out  fifteen  to  twenty  minutes,  so  that  the  fabrics  are  in  a  suitable 
condition  to  be  starched  at  once. 

Starching.  Starching  is  done  in  machines  which  rub  the  solution  into 
the  fabric.  The  starches  most  extensively  used  are  the  so  called  thin 
boiling  wheat  and  com  starches.  They  have  been  partially  converted 
by  acids,  according  to  the  processes  pven  in  Chapter  XXXIII,  until  they 


I'lG.  306. — More  rcepnt  dry  rooiiut  urp  provided  with  an  endless  traveling  belt,  to  which 
the  fabrics  are  foBtened.  The  B|)eod  of  this  conveyor  is  regulated  so  that  the 
articlea  remain  in  the  drj-  room  about  half  an  hour.  Upon  emerging  from  the  dry 
room,  each  piece  is  automat irally  rcleaseil.  and  fulls  into  a  basket, 

form  a  relatively  thin  solution  upon  being  boiled  with  water.  The  solu- 
tion is  usetl  hot,  from  05-70°  ('.,  since  at  this  temperature  a  solution  of 
tiie  strength  which  gives  the  right  weight  and  pliability  to  the  finished 
fabric  penetrates  most  readily  (approx.  100  grams  starch  per  liter). 

After  being  removed  from  the  starcher,  collars  and  cuffs  are  taken 
to  a  table  where  the  (excess  of  starch  is  wiped  off,  first  by  rubbing  with 
the  hand  and  then  with  a  piece  of  cheesecloth.  Care  is  taken  to  get 
the  starch  worked  into  the  fabric  so  that  the  plies  will  be  held  together 
after  ironing. 

Since  the  starcher  leaves  too  much  water  in  the  pieces  to  allow  of 
Skinner.  J.  Am.  Chem.  Soc.  27.  165  (1905). 
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their  being  ironed  at  once,  it  is  necessary  to  dry  them.  This  dr>ing 
Ls  done  in  specially  constructed  drj'ii:^  rooms,  Fig.  306,  which  are  hcat^ni 
by  steam  pipes.  \'entilation  is  provided  by  a  system  of  fans,  for  the  air 
must  be  changed  frequently  in  order  to  remove  the  large  quantities  of 
water  quickly.  It  is  not  practicable  to  carry  the  drjing  to  the  extent 
just  suitable  for  the  ironing,  so  the  moisture  is  removed  as  completely  as 
possible.  It  i.s  then  necessary  to  dampen  again  anti  this  is  done  by  one 
of  several  methods. 

Dampening.  The  method  used  in  mo^t  small  plantt^,  and  in  many 
larger  ones,  is  to  wrap  the  collars  in  damp  cloths.  Experience  teaches 
the  conditions  necessary  to  produce  the  proper  amount  of  dampening. 
Machines  which  work  by  carrjing  the  articles  to  be  dampened  between 
moist  padded  rolls  are  used  also. 

Ironing.  The  ironing  machines  for  collars  and  cuffs,  Fig.  307,  consist  oi 
large  gas  heated  metal  rolls,  which  are  paddeil  with  cloth,  between  which  the 
pieces  pass.  On  account  of  the 
difficulty  of  r^ulating  the  flow 
of  gas  and  air  to  the  burners, 
the  temperature  of  the  roil? 
varies  within  quite  wide  limit.-^. 
and  this  has  a  tendency  to  make 
the  finish  of  tlie  work  irregular. 
The  gloss  on  the  Bntshed  pieces 
is  control  lei!  by  the  friction 
ap]>lied  on  passing  the  rolls. 
Steam  heated  machines  have 
been  perfected  in  the  last  few 
jears,  and  have  the  advant^e 
FJK.  307.-Collar  «n<l  Cuff  In.net.  *>^  R'^ing  more  uniform  result>-. 

since  the  steam  pressure  in  the 
boiler  is  all  that  needs  to  be  regulated  in  order  to  give  a  certain  temp- 
erature to  the  rolls. 

Since  collars  and  euffs  are  ironed  flat,  many  of  the  collars  must  be 
turned  and  shaped.  To  prevent  untiue  strain  during  the  turning,  the 
seam  is  danipentM;l  by  machines,  various  types  of  which  are  available. 
The  shaping  is  also  done  by  machines,  in  which  the  moisture  introduced 
when  the  seam  is  dampened  Ls  removed,  and  in  some  cases  the  edge 
of  the  collar  is  ironetl. 

Colored  Fabrics  and  Pieces  which  Require  no  Starch.  Colored 
articles  cannot  be  treated  with  as  strongly  alkaline  solutions  as  those 
mentioned  above,  and  the  bleaching  liquor  must  also  be  omitted.  It  is  a 
common  experience  that  colored  articles  which  are  sent  to  the  taundn' 
last  much  longer  than  white  ones. 

For  white  cotton  and  linen  articles  that  need  not  be  starched,  tiie 
usual  practice  is  to  take  them  directly  from  the  extractors  to  an  ironing 
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machine,  called  a  mangle,  Fig.  308,  or  flat  work  ironer.  These  machines- 
have  a  number  of  steam  heated  rolls,  between  which  the  pieces  pass. 
They  are  constnicted  large  enough  to  iron  sheets  and  table  cloths  on  a 
single  passage  between  the  rolls. 

Wool  and  Silk.  Woolen  and  silk  articles  must  not  be  treated  with 
alkalies  on  account  of  the  corrosive  action  these  exert.  The  chlorine 
bleach  is  also  dispensed  with,  since  hj^pochlorites  render  wool  and  silk 
harsh  and  weaken  the  fibers  very  markedly.  In  case  a  bleach  is  necessary, 
hydrogen  peroxide,  sodium  perborate,  or  sodium  hydrosulphite  may  be 
used.  All  of  these  substances  are  obtainable  now  at  a  price  which  permits 
their  use  for  bleaching  wool  and  silk. 

For  the  ironing  of  bosoms  and  cuffs  of  shirts  and  plain  shirt  waists, 
special  machmes  are  used.    These  have  a  movable  cloth-padded  board, 


Fig.  .308.— MwirIp  or  Flat  Work  Ironer. 

upon  which  the  shirt  is  fastened  and  caused  to  pass  under  a  heated  roll- 
Steam  heated  machines  which  operate  by  simply  pressing  the  articles 
between  heated  surfaces,  are  being  introduced  extensively,  and  possess 
the  advantages  mentioned  in  the  case  of  other  steam  heated  apparatus. 
The  body  and  neck  bands  are  ironed  by  specially  constructed  machines, 
which  work  on  the  principle  of  the  others  already  described.  Much  of 
the  work  on  fancy  articles  must  be  done  by  hand,  and  the  use  of  elec- 
trically heated  irons  is  facilitatmg  this  operation  very  much. 

C'lewiliness  is  very  essential  m  the  laundry.  All  walls  must  be  plain, 
and  all  overhead  machinery  must  be  arranged  so  that  dirt  and  oil  are  not 
allowed  to  fall  onto  the  clothes. 

Another  field  for  chemistry  in  the  laundry  is  presented  in  the  analysis 
of  supplies  furnished  by  dealers.  Adulterations,  such  as  excessive 
amounts  of  water  in  soaps  and  starches,  talc  and  water  glass  in  soaps, 
and  common  salt  and  carbonate  in  caustic  soda  may  be  detected,  and 
great  savings  thus  be  effected. 
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Historical.  The  history  of  perfume  materials  dates  back  to  the 
dawn  of  civilization  on  the  banks  of  the  Indus,  the  Tigris  and  the  Nile. 
Sanskrit  writers  in  India  two  thousand  years  ago  frequently  mentioned 
perfumes. 

As  the  origin  of  the  word  perfume  shows  (Latin  7>rr-through,  fumare- 
smoke)  the  first  perfumes  were  tised  in  the  form  of  incense,  fonnihg  a  part 
of  religious  worship,  from  the  earliest  to  the  present  time.     It  is  inter- 
esting to  note  that  some  of  the  oldest  perfume  materials  known  are  still 
being  used.     For  instance,  in  ancient  India  the  sacred  fires  in  the  temples 
were  perfumed  with  kusa  or  kus,  the  fragrant  root  of  cus-cus  or  vetiver,  a 
native  grass.     This  odor  is  a  constituent  of  many  of  the  present  ix)pular 
perfumes,  as  in  the  tj'pe  of  ideal  and  azurea  bouquet  perfumes.    Confuciu!>, 
the  C-hinese  philosopher,  mentions  the  use  of  perfumes  in  China  in  his 
works  written  about  480  B.C.     Incense  is  the  most  popular  form  of  Chinese 
perfume  to  the  present  time,  as  sho^\'n  by  the  so-called  joss  sticks  or 
incense  sticks,  which  are  imported  into  this  country  in  large  quant  itit*s. 
That  perfumes  were  well  known  in  Babylon  and  Nineveh  is  show^l  by 
perfume    flasks   which    were   excavated   by    Layard   at   Nimrud    below 
Nineveh,   curious  ornamented  containers  of  porcelain  and  glass,    with 
cuneiform  inscriptions.     In  Egypt  perfumes  were  lavishly  used  in  the 
form  of  incense,  as  fragrant  ointments  and  oils,  in  daily  life  as  necesssary 
toilet  accessories,  as  part  of  the  religious  ceremonies  and  in  the  pres- 
ervation of  dead  bodies,  which  was  therefore  called  embalming.     In  early 
Greek  and  Roman  writings,  as  well  as  in  the  Bible,  we  find  frequent 
references    to    perfumerv^    and    incense.     All    these    ancient    perfumery 
materials  consisted  of  crude  drugs,  flowers,  herbs,  aromatic  gums,  resins 
and  woods  of  the  Orient,  including  many  of  the  fragrant  flowers,  which 
are  utilized  in  modern  perfumery.     The  earliest  method  of  extracting 
the  odorous  constituents  from  the  crude  material  consisted  of  maeera- 
ation  in  oil.     The  ancients  knew  that  fats  have  the  power  to  take  up  and 
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hold  the  perfume  of  substances  with  which  the  fat  is  brought  into  contact. 
This  old  process  is  still  followed  in  southern  France,  where  flowers  are 
macerated  in  oil  to  produce  the  so-called  "  flower  pomades/'  The  Greek 
writers  Appolonius  and  Theophrastus  mention  many  of  the  flowers  and 
materials  found  in  commercial  application  up  to  the  present  time,  among 
them  iris  or  orris,  lily,  rose,  violet  and  labdanum,  an  Oriental  gum,  the 
active  principles  of  which  have  lately  come  so  prominently  into  use  as  a 
fixative  in  the  manufacture  of  fine  modern  perfumes.  Inasmuch  as  all 
the  materials  first  used — that  is,  resins,  barks,  woods,  herbs,  flowers, 
etc.,  contain  the  fragrant  principles  in  only  very  minute  proportions, 
great  bulk  had  to  be  used  and  the  next  step  forward  was  the  discovery 
of  steam  distillation.  The  forerunner  of  this  method  was  the  crude 
attempt  of  the  ancients,  who  noted  that  the  steam  from  a  boiling  caldron 
had  the  odor  of  the  contents  and  who  placed  wool  over  a  vessel  in  which 
for  instance,  cedarwood  was  boiling  in  water,  and  then  squeezed  the  wool 
in  order  to  obtain  the  condensed  volatile  oil. 

While  the  Egj'ptians  were  said  to  have  been  acquainted  with  the  prin- 
ciples of  distillation,  nothing  positive  is  known.  Avicenna,  a  famous 
Ara))ian  physician  and  writer  of  the  tenth  centurj',  is  said  to  have  per- 
fected the  process,  and  the  Arabian  word  alembic  (meaning  a/-  the, 
embic'  still)  is  used  even  at  present.  It  is  likely  he  produced  the  first 
rose  water  and  rose  oil  by  steam  distillation,  a  commercial  process  by  which 
oil  of  rose  is  now  made  in  Bulgaria. 

In  time  it  was  found  that  the  odor  of  most  substances  which  are  useful 
in  the  perfumery  industry  is  due  to  a  certain  class  of  bodies  designated 
under  the  terms  of  essential  or  volatile  oils.  Some  of  these  may  be 
obtained  from  the  raw  materials  by  steam  distillation,  that  is,  steam  is 
passed  through  a  mass  of  the  flowers,  herbs,  seeds,  woods  or  barks,  which 
frequently  must  first  be  finely  subdivided  or  ground  and  on  cooling  the 
steam,  the  oil,  which  is  volatile  with  it,  separates  from  the  condensed 
water.  In  a  few  cases,  as  with  rose  and  orange  flowers,  the  condensed 
water  is  likewise  salable,  because  it  contains  the  more  soluble  portions  of 
the  flower  odor  in  solution,  although  only  in*"  infinitesimal  quantities. 
Steam  distillation  is  commercially  used  in  producing  a  number  of  the 
essential  oils,  for  instance,  anise,  cassia,  clove,  geranium,  lavender,  linaloe, 
neroly,  orris,  peppermint,  rose,  sandalwood,  turpentine,  wintergreen  and 
ylang  ylang.  From  the  small  alembic  used  in  former  times  to  a  modern 
still  which  has  a  capacity  of  many  thousands  of  gallons,  there  has  been 
no  change  in  the  principle. 

Crude  Distillation.  Many  of  the  essential  oils  are  distilled  by  unskilled 
natives  in  the  various  countries  and  the  layer  of  water  is  usually  heated 
by  direct  fire  placed  under  the  still.  It  is  now  well  known  that  this  both 
decreases  the  yield  and  produces  an  oil  inferior  in  quality,  as  it  subjects 
the  material  to  the  saponifying  or  hydrolizing  influence  of  hot  water  and 
some  small  particles  of  the  substance  being  distilled  are  sure  to  adhere  t© 
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the  bottom  of  the  still,  where  they  scorch,  and  contaminate  the  dis- 
tillate with  a  burnt  (xlor. 

Modera  DistiUatioii.  In  ino<lem  factories  steam  Ls  generated  in  a  boiler 
and  p&ssed  into  the  still  at  varioas  degrees  of  pressure.  Usuallj'  the  stiil 
Is  also  heated  either  by  means  of  a  steam  jacket  or  by  a  clocked  steam 
pipe  placed  inside  the  still,  so  a<  to  prevent  much  condensation  of  the  steam 
in  the  still.  The  degree  of  fineness  of  the  charging  material,  the  pressun\ 
and  therefore  the  temperature  of  the  steam,  the  speed  of  its  flow^  and  numer- 
ous other  working  points  must  l)e  adapted  in  each  case  to  the  apparatus 
in  a**e,  as  well  as  to  the  sul>stance  that  Is  being  distilled  and  the  product 
that  may  be  expecte<l. 

Oil  Content.  The  volatile  oil  content  in  plant  material  differs  enor- 
moasly.  For  instance,  cloves  contain  from  14  to  20  per  cent  of  oil.  As 
a  rule,  however,  most  of  the  plants  contain  less  than  5  per  cent  ami  in  many 
cases,  only  the  merest  traces  of  essential  oil.  It  maj'  be  mentioned  that  it 
requires  over  4000  lbs.  of  rose  flowers  co  obtain  1  lb.  of  pure  ro5?e  oil  by 
steam  distillation. 

Steam  Distillation.  Oils  obtaine<i  by  steam  distillation,  hoi;%~ever, 
cannot  Ix?  expected  to  have  the  exact  odor  of  the  flower  or  material.  We 
must  remember  that  the  odor  and  taste  of  all  natural  products  are  due  in 
almost  ever>'  case  to  a  combination  of  a  numl>er  of  chemical  bodie:§  and 
it  is  only  when  these  chemical  individuals  are  assembled  in  the  right  pro- 
portion and  combination,  that  the  odor  of  the  flower  or  material  will  be 
duplicated.  Many  of  these  chemical  bodies  are  extremely  sensitive*  to 
heat,  which  either  destroys  them  or  changes  the  odor  completely,  others 
are  esters  which  are  hydrolized  by  the  action  of  steam  and  heat  and  many 
plants  contain  Ixxlies  which  upon  heating  act  to  a  greater  or  less  extent 
on  the  other  constituents.  C  onsequently,  steam  distillation  has  its 
limitations  and  other  processes  must  Ix*  utilized  to  extract  the  active 
principles  desired. 

Scientific  research  has  also  proven  that  manj'  plants  contain  Ixxlies 
of  ver>'  high  boiling-point,  which  influence  the  odor  considerably  an<l  which 
are  at  best  only  incompletely  volatilized  by  steam  distillation  and  frequently 
remain  entirely  in  the  residue.  Some  of  the  valuable  constituenb*  do  not 
exist  in  the  plant  as  such,  but  are  combined  as  glucosides.  As  instanc*^ 
we  may  mention  the  odor  of  cumarine,  so  apparent  in  mown  grass  and 
entirely  different  from  the  odor  of  the  field,  and  the  odor  and  flavor  of 
vanilla  l)eans,  which  is  developed  in  the  fruit  on  ripening,  but  to  a  far 
greater  extent  when  the  bean  is  skillfully  cured. 

Expressed  Oils.  Tliat  scjueezing  the  rinds  of  some  fruit  left  a  fra- 
grant oil  on  the  hands  must  have  been  early  observed.  It  is  still  the 
method  which  gives  the  finest  oils  of  the  citrus  family  and  Ls  the  present 
commercial  method  of  obtaining  the  oils  of  lemon,  orange  and  bergamot. 
As  cheap  labor  is  availal)le  in  Sicily,  where  these  oils  are  made  in  quan- 
tities, and  the  pulp  of  the  fruit  is  worked  up  for  citric  acid,  the  price 


remains  quite  low,  although  the  method  is  slow  and  tedious.  The  peel 
is  maiiipulate<l,  crushing  the  oil  cells  and  the  oil  is  absorbed  bj'  a  sponge, 
which  is  then  squeezed  and  the  oil  filtered  for  the  market.  Machines 
have  at  times  been  tried  to  take  the  place  of  hand  labor,  but  none  of  them 
have  been  found  commercially  satisfactory,  excepting  to  a  limited  extent 
for  the  regularly  shaped  bei^amot.  The  citrus  oils  will  illustrate  the 
damaging  influence  of  heat  and  steam  on  odors  in  general,  as  steam  dis- 
tilled oils  totally  differ  in  odor  from  the  fruit  and  have  but  little  commercial 
value. 

Macerating  Process.  We  have  already  mentioned  the  process  of 
macerating  flowers  in  wann  oil  or  fat,  a  method  by  which  the  modern 
flower  pomades  are  produced  in  southern  France.  After  the  oil  or  fat 
has  absorbe<l  the  odor  of  the  flowers,  it  is  strained  oft  and  a  fresh  lot  of 
flowers  added.  This  process  is  repeated  a  number  of  times,  according 
to  the  strength  of  pomade  desired. 

Enfleurage  Process.  It  was  found,  however,  that  even  the  slight  heat 
necessarj'  in  the  macerating  proces.s  is  sufficient  to  destroy  some  of  the 
more  seasitivc  constituents  of  .some  flower  odors,  and  the  cold  enfleurage 
process  resulted.  Here  a  layer  of  fat  is  placed  on  a  plate  of  glat^,  fresh 
flowers  are  sprinkled  on  it  and  after  the  fat  has  ab.sorbed  the  odor,  they 
are  replaced  by  more  flowers  and  this  process  is  repeated  until  the  fat  is 
saturated.  This  process  is  especially  adapted  to  flowers  like  the  jasmine 
blossom,  which  is  kno\VH  to  produce  perfume  for  some  time  after  it  haa 
been  picked  and  a  much  better  yield  results  than  when  the  flower  is 
immersed  in  hot  fat,  which  immediately  stops  the  production  of  more 
flower  oil  l»y  the  blossom. 

Flower  Pomades.  This  flower  pomade,  obtained  either  by  mac- 
eration or  by  the  enfleurage  process  is  then  washed  with  alcohol,  which 
extracts  from  the  pomade  the  odorous  substances,  which  this  has  absorbed 
from  the  flowers.  Here  again  the  same  objection  of  large  bulk  presents 
itself,  as  the  fat  absorbs  only  a  verj'  small  proportion  of  the  fragrant 
constituents.  Then  there  is  another  more  serious  objection  io  the  flower 
pomades  that  are  obtained  by  maceration  or  enfleurage,  nametj',  that  the 
fats  employed  (usually  lard  or  tallow)  will  turn  rancid  in  time  and  further- 
more, even  the  best  quality  of  fats  contain  a  small  proportion  of  alcohol 
soluble  constituents  which  impart  a  greasy  odor  to  the  spirit  used  for  wash- 
ing the  pomade.  This  greasy  by-odor,  {and,  where  pomades  have  been 
kept  for  a  long  time,  the  decidedly  rancid  by-odor)  seriously  interferes 
with  the  flower  odor  proper. 

Volatile  Solvents.  These  oiijections  have  led  to  the  more  modem 
process  of  treatment  by  volatile  solvents.  Petroleum  ether,  carbon 
tetrachloride,  chloroform  and  other  volatile  bodies  have  been  used  for  this 
purpase.  These  solvents  in  passing  through  a  layer  of  flowers  or  materials, 
dissolve  the  odorous  constituents,  together  with  the  plant  resins,  color- 
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at  a  low  temperature,  the  odorous  bodies  with  the  impurities  mentioned, 
remain  in  the  residue.  To  this  wax  or  paraffine  are  usually  added  to  reduce 
cost  and  to  give  a  uniform  consistency. 

Flower  Concretes  and  "Absolutes."  By  this  method,  the  so-called 
**  flower  concretes  ^'  are  made  in  southern  France.  This  process  ha«^ 
recently  been  improved  again  b}'  eliminating  from  this  concrete  the 
alcohol  insoluble  portion.  The  concrete  is  treated  with  alcohol,  thus 
extracting  only  the  alcohol  soluble  constituents  and  the  alcohol  distilled 
off,  which  gives  a  final  product,  marketed  under  various  trade  names,  but 
usually  called  *'  absolute  flower  concrete  "  or  "  absolute  flower  essence."  In 
another  process,  the  waxes  naturally  present  are  precipitated,  separated, 
and  the  solvent  then  evaporated  in  the  usual  manner.  So-called  "  ab.so- 
lutes,"  however,  are  far  from  absolute  in  practice,  because  they  still  con- 
tain quite  a  large  proportion  of  coloring  matter  and  odorless  constituents 
present  in  the  plant — furthermore,  it  is  quite  a  common  practice  to  add 
to  these  so-called  **  absolutes,"  comparatively  odorless  esters  or  oiU>,  wth 
the  two-fold  object  of  making  the  products  more  soluble  and  of  reducing 
their  cost,  or  increa-sing  the  profit  in  marketing  them. 

Adulterations.  Owing  to  the  high  value  of  many  essential  oils  and 
perfumer^'  products,  they  are  frequently  adulterated.  In  fonner  years, 
this  was  very  crudely  done  l)y  adding  paraffine,  fatty  oils  in  varying 
proportions,  alcohol  and  other  crude  diluents.  As  science  progres-sed. 
however,  and  made  many  methods  available  for  testing  the  purity  of  these 
products,  these  clumsy  adulterations  have  gradually  disappeared  from 
the  market.  But  their  place  has  been  taken  by  much  more  dangerous 
adulterants,  which  frequently  can  be  found  only  bj'  careful  analysis. 
For  instance  the  odorless  ethyl  citrate  has  found  its  way  into  many  essen- 
tial oils  which  are  valued  according  to  ester  content  and  has  been  used  for 
the  adulteration  of  such  odors  as  bergamot,  lavender,  etc.  While  it  has 
been  well  known  for  many  years  that  the  peasants  in  Bulgaria  frequently 
sprinkle  the  rose  petals  before  distillation  with  either  geranium  oil  or 
geraniol,  more  dangerous  adulterants  have  found  their  way  into  rose  oil, 
for  instance,  mixtures  of  the  alcohols  geraniol  and  citronellol,  nonnally 
present  in  the  rose  flower,  made  so  skillfully  that  their  detection  in  the 
finished  product  becomes  almost  an  impossibility.  Consequently,  many 
of  these  oils  are  valued  solelv  bv  their  odor,  when  chemical  tests  fail. 

As  organic  chemistry  progressed  and  methods  were  found  to  identify 
and  isolate  from  the  natural  materials  various  constituents  present 
in  them,  it  was  found  that  almost  without  exception,  ever>^  odorous 
material  in  nature  is  a  compound.  Quite  frequently  materials  contain 
chemical  substances  or  individual  chemical  bodies  belonging  to  entirely 
different  series  and  in  no  way  related  to  each  other.  Some  of  thes<* 
substances  are  extremely  sensitive  to  heat  and  chemical  reagent.s  and 
therefore  their  isolation  and  identification  present  the  greatest  difficulties, 
l)ut  it  is  just  this  combination  of  different  chemical  individuals  to  which 


ESSENTIAL  OILS,  SYNTHETIC  PERFUMES,  ETC.  599 

the  fine  odor  of  almost  all  flowers,  plants  and  other  materials  is  due. 
As  a  rule,  all  of  the  definite  chemical  constituents,  when  used  alone,  give 
harsh  odors.  The  delightful  flowery  aroma  is  only  developed  when  they 
are  present  in  proper  combination,  as  they  exist  in  nature,  or  as  the 
skill  of  the  chemist  may  combine  them.  This  has  led  to  commercial 
synthesis  of  the  finer  flower  products. 

Sjmthesis.  The  collaboration  of  thousands  of  chemists  throughout 
the  world,  for  some  years  past,  has  made  a  new  industry  possible, 
the  industry  of  synthetic  perfume  and  flavoring  materials,  which  has 
come  to  the  assistance  of  the  manufacturer,  by  producing  the  same  sub- 
stances at  a  saving  in  cost,  and  by  overcoming  the  frequent  price  fluctua- 
tions of  the  natural  materials,  which  upset  calculations  of  cost.  Many 
of  the  substances  which  naturally  exist  in  the  plants  or  materials,  may  be 
manufactured  chemically  from  other  sources.  Let  us  select  one  example, 
the  jasmine  flower,  which  is  so  invaluable  to  the  perfumer.  If  we  submit 
the  so-called  **  absolute  jasmine  flower  essence  or  concrete  "  to  a  further 
process  of  purification,  to  eliminate  the  inodorous  constituents  present 
in  it,  we  finally  obtain  a  jasmine  essence,  which  contains  from  60  to  65 
per  cent  of  benzyl  acetate.  The  absolute  product  containing  this  per- 
centage, as  made  from  the  blossom,  represents  an  actual  expense  of  about 
$180  to  $200  per  pound,  according  to  season.  But  we  can  obtain  benzyl 
acetate  chemically  from  an  entirely  different  source,  at  much  less  expense. 
If  we  take  toluene  (methyl  benzene),  one  of  the  constituents  of  coal  tar, 
and  treat  it  with  chlorine,  we  obtain  benzyl  chloride.  If  we  now  exchange 
the  chlorine  for  the  acetyl  group,  we  get  benzyl  acetate,  which  when 
highly  purified,  is  identical  with  the  product  as  it  exists  in  the  flower 
and  can  be  marketed  absolutely  pure,  at  about  $1.10  per  pound.  This 
not  only  represents  an  enormous  saving  in  the  industry,  but  makes  it 
possible  to  use  raw  materials  frequently  for  various  purposes,  where  the 
natural  product  was  not  heretofore  available,  owing  to  its  high  cost. 

New  Perfume  Materials.  A  great  many  chemical  substances  have  been 
found  which  have  most  delightful  odors  and  flavors  and  which,  to  our 
best  knowledge  at  the  present  time,  do  not  exist  in  nature  as  such,  at  least 
they  have  not  been  isolated  from  the  natural  materials.  Many  such 
substances  are  now  commercially  manufactured  and  have  enriched  the 
industry  with  a  variety  of  new  raw  materials,  which  enable  the  manufac- 
turer to  produce  entirely  new  effects.  Many  years  ago,  when  the  industry 
was  in  its  infancy,  and  purification  processes  had  not  developed  to  the 
present  state  of  perfection,  the  synthetic  materials  were  merely  used  for 
the  purpose  of  diluting  and  cheapening  the  more  expensive  natural  prod- 
ucts, but  this  has  wholly  changed  during  the  last  few  years.  The 
synthetic  materials  of  to-day  are  successfully  utilized  in  goods  of  the  highest 
grade  and  many  odor  and  flavor  effects  would  be  impossible  without  them. 

Purification  Processes.  At  the  outset,  we  must  emphasize,  however, 
that  quality  is  the  foremost  consideration  in  every  perfume  or  flavoring 
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material.  Traces  of  by-products  sometimes  present,  not  large  enough  tci 
he  found  by  chemical  tests,  will  often  seriously  interfere  with  the  oclro 
and  flavoring  value.  Modem  science  has  made  many  methods  available 
by  which  products  may  be  purified  by  either  chemical  or  physical  methods, 
so  that  we  can  obtain  these  bodies  in  a  state  of  absolute  purity.  Among 
the  chemical  methods,  we  refer  to  the  extraction  of  aldehydes  or  ketones 
by  means  of  bisulphite,  semicarbazide,  phenylhydrazine  and  other  reagents 
and  the  extraction  of  alcoholic  bodies  by  means  of  the  acid  phthalic  esters. 
As  one  of  the  most  valuable  methods  of  separation  we  mention  the  process 
of  vacuum  distillation,  which  has  been  greatly  simplified  and  perfected 
during  the  last  few  years.  Many  of  the  most  sensitive  constituents  of 
plant  odors  may  be  distilled  unchanged  at  a  very  low  vacuum.  Scientific 
advances  in  engineering  practice  have  so  perfected  vacuum  pumps  that 
sul)stances  can  be  distilled  commercially  by  reducing  the  ordinar>' 
air  pressure  to  an  absolute  pressure  of  from  2  to  5  mm.,  at  which  point, 
a  great  many  substances  are  distilled  commercially  without  change,  which 
would  be  utterly  decomposed  if  distilled  at  ordinary  pressure.  Further- 
more vacuum  distillation  lowers  the  boiling  point  enormously,  in  many 
cases  more  than  100°  C,  thereby  reducing  heat  changes  to  a  minimum, 
and  by  carefully  repeating  the  vacuum  distillation  several  times,  eliminat- 
ing in  each  case  the  fractions  containing  the  impurities,  bodies  may  Ix* 
produced  in  a  state  of  almost  absolute  purity. 

Chemical  Treatment.  While  steam  distillation  will  continue  as  one 
of  the  popular  processes  of  obtaining  from  some  of  the  plants  or  crude 
materials,  the  active  principle,  the  steam  distilled  oil  can  ver\-  often  be 
greatly  improved  by  chemical  treatment,  combinetl  with  a  proper  vacuum 
distillation  process.  The  natural  oils  contain  many  substances  which 
are  detrimental  to  the  odor,  and  can  rea<lily  be  eliminated,  in  that  way 
producing  an  article  which  has  a  higher  perfume  value  and  a  much  finer 
odor.  As  a  practical  illustration,  let  us  for  instance  take  Mexican  linalre 
oil,  which  has  a  rather  harsh  and  crude  odor,  owing  to  the  impuritic^s 
present  in  it.  By  chemical  treatment  and  repeated  vacuum  distillations, 
we  can  readily  obtain  from  this  oil  the  valuable  terpene  alcohol  linalool, 
of  which  we  will  speak  further  on,  a  product  that  has  a  very  fine  flowery 
odor  and  can  be  safely  used  in  even  the  highest  grade  products,  where 
the  normal  essential  oil  would  be  entirely  out  of  the  question. 

Chemical  Constitution.  Among  the  many  chemical  bodies,  which 
contribute  their  share  to  the  odor  or  flavor  of  materials  valued  in  the 
industry-,  we  find  representatives  of  both  the  aliphatic  or  fatty  series  and 
the  aromatic  or  benzene  series.  The  great  majority  consists  of  merely 
three  elements,  carbon,  hydrogen  and  oxygen.  A  smaller  nuhiber  of 
compounds,  some  of  which  are  important,  contain  nitrogen — for  instance 
different  varieties  of  artificial  musk  and  amido  bodies,  derivatives  of 
the  benzoic  acid  series,  like  methyl  anthranilate,  one  of  the  most  valuable 
constituents  of  orange  flower  and  many  other  flower  oils,  and  the  methvl 


ester  of  methyl  anthranilic  acid  or  dimethyl  anthranilato,  which  while 
present  usually  only  in  traces,  contribute  greatly  to  the  flowery  sweetness 
of  many  of  nature's  most  valued  blossoms. 

Chemical  Methods  of  Production.  The  reader  will  doubtless  be  inter- 
ested in  the  chemical  methods  used  in  producing  on  a  commercial  scale, 
by  sj-nthesis,  the  bodies  which  occur  in  nature.  This  however  involves 
so  many  chemical  processes  that  the  subject  can  only  be  briefly  treated, 
inasmuch  as  all  the  methods  of  modern  organic  chemistrj'  are  utilized. 
It  may  be  said  for  the  information  of  the  student,  that  many  of  the  reac- 
tions commercially  utilized  are  exceedingly  complex,  becaase  the  sul)- 
stances  in  most  instances,  have  to  be  built  up  gradually  and  the  interme- 
diary products  purified,  so  that  it  often  requires  weeks  and  months  of  work 
to  perfect  one  of  the  chemical  bodies  to  which  a  particular  flower  owes 
part  of  its  odor.  In  considering  the  best  known  couMtituents  which  find 
commercial  application,  we  shall  in  a  few  instances,  by  way  of  illua- 
tration,  mention  the  process  used  in  their  manufacture. 

Stability.  After  protlucing  and  purifying  the  various  constituents 
romew  the  equally  important  problem  of  as.sembling  them  in  the  right 
proportion,  so  that  they  will  not  only  impart  the  exact  odor  of  the  blossom, 
but  will  prove  commercially  stable.  Many  of  these  bodies  cannot  l>e 
preserved  as  individuals — they  either  oxidize  or  resinify  on  exposure  to  air 
or  light  or  are  condensed  into  high  polymers,  which  are  odorless,  therefore  of 
no  value  and  often  insoluble  in  the  common  soh-ents.  As  an  instance,  let 
us  consider  styrol  or  styrene,  which  in  traces,  helps  to  give  life  to  many 
flower  oils,  yet  which  is  of  no  value  alone,  as  it  changes  very  quickly  into 
meta-styrene,  a  glassy,  hom-Iike  inodorous  body,  insoluble  in  alcohol, 
oils,  and  all  ordinary  solvents.  Styrol  is  interesting,  a.i  it  is  one  of  the  few 
hydrocarbons  of  value  to  the  industry,  having  the  chemical  formula 
CaHsCHtCHa.  Berthelot  isolated  this  product  from  coal  tar  in  1864, 
Von  Miller  from  storax.  It  has  not  found  application  until  recently,  an 
it  was  discovered  that  it  would  change  readilj-  on  standing,  even  when  kept 
in  the  dark  and  in  sealed  tubes.  Styrol  is  merely  one  example  of  a  lar^ 
c\Bi^  of  substances,  which  when  added  to  i>erfume  oils  in  very  small  pro- 
portion produce  a  natural  freshness  yet  which  cannot  be  marketed  by  them- 
selves, owing  to  their  instability. 

CommeFCial  Synthesis.  The  student  of  industrial  chemistry,  must 
always  keep  I)efore  him  the  question^"  Is  a  process  feasible^can  it  lje 
commercially  applied?  "  Owing  to  statements  that  have  found  their 
way  into  print  during  the  last  decade,  many  chemists  have  an  idea 
that  by  duplicating  a  few  of  the  major  constituents  of  an  odor, 
they  can  produce  the  same  effect,  but  this  is  false.  How  often 
has  the  writer  been  approached  by  a  student  and  sometimes  by 
chemists  that   have   followed   organic   chemistry  for  many  years,  who 

l>ov-    »vnK«««1    Ihnir    rllaonnnintmont    t).flt  for    in«tflne«    tnr..mi.f.1    w»..M 
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jasmine!  Here  we  must  rememl^er  the  complex  constitution  of  materials 
produced  in  nature's  laboratory.  Take  for  instance  benzyl  acetate,  the 
item  last  mentioned — it  is  well  known  that  in  plants,  where  esters  of  the 
acetic  acid  series  exist,  esters  of  allied  acids  will  also  be  present,  though 
in  smaller  proportion,  and  a.s  a  rule,  we  find  a  mixture  of  the  formates, 
the  acetates,  the  propionates  and  sometimes  traces  of  even  the  higher 
acid  esters  in  combination  with  the  particular  alcohol.  Then  the  alcohol 
itself,  as  a  rule,  does  not  exist  alone.  As  an  illastration,  we  mention 
bergamot,  which  popularly  has  been  supposed  to  contain  only  linalyl 
acetate  a.s  the  active  constituent,  until  recently,  when  it  was  conclusively 
proven  that  not  only  the  esters  of  linalool,  but  of  several  of  the  allied  ter- 
pene  alcohols,  are  present  in  varying  proportion  and  unless  the  chemist 
who  desires  to  apply  synthesis  commercially,  pro<luces  all  these  difTerent 
compounds  and  combines  them  in  approximately  the  proportions  in  which 
nature  combines  them  in  the  j)lant,  he  cannot  hope  to  compete  witii  the 
products  made  from  the  blossom,  flower  or  fruit. 

Effect  of  Minute  Traces  of  Compounds.  Scientific  investigation  has 
shown  that  the  finest  and  most  valuable  odors  in  Nature,  are  excecnlingly 
complex.  We  may  find  that  four  or  six  or  ten  constituents  are  present 
in  appreciable  proportion  and  yet  if  we  combine  these,  the  product  tioes 
not  satisfy.  The  reason  is  easily  perceived — we  have  ignored  the  traces  of 
substances  present,  which  sometimes  are  infinitesimal,  but  which  have 
such  a  powerful  odor  that  their  addition  immediately  changes  a  harsh- 
smelling  compound  into  a  most  delicate  and  flowery  product  that  can  be 
utilized  in  goods  of  tlie  highest  grade.  The  higher  fatty  aldehydes  and 
alcohols,  the  use  of  which  is  but  little  understood  by  the  average  manu- 
facturer of  to-day,  will  serve  as  an  example.  Sometimes  two  or  tlu-ee 
drops  of  one  of  these  substances  to  the  gallon,  is  suflRcient  to  create  that  life- 
like touch,  or  to  bring  out  the  charm  of  the  blossom  odor  to  i>erfection. 
Many  of  the  most  charming  plant  and  flower  odors  have  not  a**  yet  l)een 
duplicated  synthetically,  but  chemists  all  over  the  world  are  working  on 
these  problems  and  in  the  course  of  time,  all  of  the  odors  will  be  available, 
but  it  must  be  remembered  by  the  student  that  he  should  not  be  discour- 
aged if  he  does  not  get  results  immediately.  It  often  requires  j'ears  of 
painstaking  study,  in  order  to  ascertain  the  proportions  of  individual 
constituents  that  will  prove  of  the  greatest  value  and  in  many  cases  from 
sixty  to  eighty  and  even  more  of  these  constituents  are  present  in  a  single 
flower  product,  although  some  of  them  may  be  present  in  traces  only- 
Odor  Groups.  A  great  deal  has  been  written  about  certain  odor 
groups,  so  called,  which  are  supposed  to  give  definite  value  when  present 
in  a  chemical  compound.  Among  these  have  been  mentioned  the  phenol 
group  OH,  the  ketone  group  CO,  the  aldehyde  group  CHO,  the  primarj- 
alcohol  group  CH2OH  or  the  alkyl  radicles  as  for  instance  the  methyl 
group  CH3,  the  ethyl  group  (\>Ho  and  others  higher  in  the  series.  This  is 
however    mere    sixMHilation,    notwithstanding    statements    made    to    the 


contrary.  We  should  confess  that  we  know  very  little  as  yet  as  to  why 
and  under  what  conditions  these  groups  prociuce  such  decided  changes 
in  tile  odor  or  flavor  of  a  substance,  liecause  we  have  many  representative 
examples,  where  individual  chemical  bodies  contain  either  one  or  several 
of  these  groups  and  yet  have  practically  no  o<lor  or  flavor.  Consequently, 
we  must  disagree  with  the  published  statements  that  there  is  such  a  thing 
as  advance  estimation  of  a  product  by  knowing  its  chemical  formula. 
We  do  know  that  sometimes  the  slightest  change  in  a  formula,  converts 
a  highly  odoriferous  suljstanee  into  one  that  is  odorless  and  vice  versa, 
but  we  do  not  know  enough  about  the  subject  to  fonnulate  any  theories. 
In  this  connection  it  will  be  interesting  to  note  that  with  products  belong- 
ing to  the  benzene  scries,  the  grouping  of  the  different  radieles  on  the  ring, 
often  produces  important  <lifferences  in  the  physical  con.^^tants  of  the  chem- 
ical body.  For  instance,  let  us  mention  as  a  t\pical  example,  ortho-oxy- 
benzaldehyde. 

fOH 
HCi^CCHO 


CH 

Ortho-oiiy-b*niiildphydf  (CtH,;0:) 

Here  we  have  the  phenol  group  OH  and  the  aldehyde  group  CHO 
adjacent  to  each  other  on  the  benezene  ring.  It  is  an  oil  which  has  a  very 
powerful  odor,  is  found  in  traces  in  many  plants  and  serves  as  a  raw  mate- 
rial for  building  up  by  synthesis,  other  compounds,  which  are  valuable. 

Let  us  compare  this  with  the  isomeric  para-oxy-benz aldehyde,  which 
has  exactly  the  same  fonnula,  only  here  the  phenol  group  is  in  the  para 

c:0H 

^CH 


position, — that  is,  opposite  to  the  aldehyde  group  on  the  benzene  ring. 
This  is  a  practically  odorless  white  solid,  having  a  melting  point  of 
116°  C.  This  shows  that  the  theory  of  odoriferous  groups  works  very 
well  on  paper,  but  does  not  apply  in  practice,  liecause  here  we  have  a 
substance  that  contains  two  of  these  so-called,  odoriferous  groups,  which 
has  practically  no  odor,  although  it  can  serve  as  a  basis  for  building  up 
other  products  by  synthesis. 

Fixatives.     Some  of  these  products  which  have  but  little  odor  are  of 
value  to  the  industrj',  because   they  are  sub.-itances  the  perfumer  calls 
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mere  traces  and  is  given  off  in  infinitesimal  quantities  to  the  surrounding 
atmosphere.  When  we,  however,  isolate  these  l)odies  to  which  the  odor 
is  due,  and  have  them  in  concentrated  form,  their  odor  as  given  off  is  too 
intense  and  when  we  take  a  small  amount  of  this  concentrated  material 
and  allow  it  to  evaporate,  the  odor  will  not  last  as  long,  because  it  \sriil 
evaporate  more  quickly  than  in  the  plant  and  furthermore,  the  odor  being 
so  concentrated  and  intense,  will  not  be  as  sweet  or  as  flowery.  If  we, 
however,  use  with  the  material  various  substances  known  as  fixatives, 
the  odor  is  made  less  volatile.  The  perfume  is  only  given  off  in  .small 
quantities  at  a  time  and  we  therefore  duplicate  the  conditions  existing 
in  nature.  In  former  times,  ambergris,  musk  and  some  of  the  resins  were 
extensively  used  as  fixatives,  but  most  of  these  substances  either  had  such 
a  powerful  odor,  color  or  sticky  qualities  (resins),  that  they  could  not 
always  be  used  in  sufficient  proportion  to  entirely  satisfy.  Here  modem 
organic  chemistry  has  given  us  a  number  of  substances,  which  while 
practically  of  no  odor  value  themselves  are  very  valuable  in  combination, 
because  they  not  only  ser^*e  as  fixatives, — that  is,  make  odors  ^^ith  which 
they  are  mixed  less  volatile,  but  in  many  instances  have  the  tendency  to 
sweeten  the  odor.  Among  representative  instances  of  this  class  we  may 
mention  methyl  anisate,  benzyl  cinnamate,  and  benzyl-Lso-eugenol,  which 
have  but  little  odor.  Synthetic  ambergris,  the  many  varieties  of  sjTithetic 
or  artificial  musk,  phenylethyl  phenylacetate,  mousse  de  chSne  and  a  great 
many  other  products  are  likewise  valuable,  wherever  their  odor  harmonize:> 
Avith  the  other  constituents  utilized. 

Chemical  Groups  of  Most  Importance.  If  we  briefly  review  the  chem- 
ical groups  of  substances  which  are  of  most  value  to  the  industry,  we 
may  mention  aldehydes,  ketones,  phenols,  phenolic  ethers,  alcohols  and 
esters.  Ksters  especially — that  is,  combinations  of  alcohols  with  acid.s, 
are  frequently  of  great  value  as  constituents  of  some  of  the  best  known 
odors  and  flavors.  The  acids  alone  are  usually  of  but  little  importance. 
In  ester  form  however,  when  combined  wath  the  various  alcohols,  they 
are  among  the  most  useful  constituents  known.  This  brings  us  to 
one  aspect  of  the  ca.se,  which  is  of  special  importance  to  the  chemist  who 
studies  for  industrial  purposes. 

Industrial  Application.  In  a  great  many  instances  the  user  of  a  perfume 
or  flavoring  material  does  not  consider  the  chemical  changes  or  influences 
against  which  it  may  have  to  contend.  All  esters  are  sensitive  to  alkalies 
and  yet  the  writer  has  seen  innumerable  instances,  when,  thoughtlessly,  jx^r- 
fume  materials  or  flavoring  materials  that  owe  their  entire  value  to  esters, 
have  been  used  in  combination  with  alkalies,  which  will  sap)omfy  the  ester 
in  a  very  short  time  and  the  odor  will  of  course  disappear.  This  illustrates 
the  importance  of  having  the  student  become  acquainted  with  the  individ- 
ual con?>tituents  of  either  odors  or  flavors,  so  that  he  mav  use  them  intel- 
ligently  and  will  not  employ  a  product  that  will  decompose  under  the 
influences  with  which  it  may  have  to  contend  and  so  that  either  the  odor 
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or  flavor  may  endure.  This  will  also  show  that  care  is  necessary  in  select- 
ing an  individual  material  for  a  certain  purpose,  to  be  sure  that  it  will 
answer  and  that  it  mil  not  be  destroyed.  When  we  remember  that  either 
odoriferous  or  flavoring  materials  are  used  in  small  proportion  only,  we 
realize  all  the  more  that  chemical  incompatibility  must  be  avoided  by 
all  means,  if  we  wish  to  produce  an  article  that  will  give  satisfaction. 

Of  the  crude  perfume  materials  used  by  the  ancients,  but  few  are  used 
at  the  present  time.  The  animal  secretions  of  value  to  the  industry  are 
very  few,  namely,  musk,  civet,  ambergris  and  allied  odors. 

Musk.  Musk  is  perhaps  one  of  the  oldest  perfume  materials  in  exist- 
ence and  consists  of  the  dried  secretion  of  the  preputial  follicles  of  the  male 
musk  deer.  This  animal  has  been  hunted  so  excessively  that  it  has  become 
practicallj'  extinct  and  it  is  now  found  only  in  the  portion  of  Asia  where  the 
Himalaya  Mountains  rise  to  elevations  of  8000  to  12,000  ft.  Occasion- 
ally the  animal  may  wander  into  lower  altitudes,  but  the  greater  part  of 
the  annual  production  comes  from  the  Himalaya  region.  In  Siberia  we  find 
musk  deer,  allied  in  family,  but  the  musk  secreted  by  them  is  not  valued 
a?  highly  in  commerce  and  does  not  have  as  powerful  an  odor.  The  musk 
pods  are  purchased  by  native  dealers,  carried  by  caravans  to  the  seashore 
and  marketed  from  Chinese  seaports.  Commercially  the  product  is  known 
as  either  Nepaul  or  Tonquin  musk  and  is  now  valued  at  from  $20  to  $25 
an  ounce.  It  is  becoming  scarcer  each  year  and  the  time  is  not  far  distant, 
when  the  musk  deer  will  be  extinct,  because  each  musk  pod  means  that  a 
male  musk  deer  has  been  killed.  Of  course  adulterations  are  plentiful. 
The  Chinese  have  excelled  in  this,  and  have  for  many  years  past  sold 
so-called  artificial  musk,  which  is  a  mixture  of  dried  blood  and  various 
other  subvstances,  hard  to  identify,  with  just  a  trace  of  natural  musk, 
marketed  at  prices  ranging  from  $1  per  ounce,  upwards.  The  chemical 
substance  to  which  musk  owes  its  odor  has  never  been  definitely  identified. 
Some  research  work  of  recent  years  seems  to  point  to  a  ketone,  which 
gives  a  powerful  musk  odor,  but  no  chemical  work  of  note  has  been  done 
on  the  subject,  owing  to  the  high  expense  involved,  and  the  exact  chemical 
formula  of  the  product  is  still  in  doubt.  Mask  also  contains  a  number  of 
impurities,  which  rather  detract  from  the  true  musk  odor,  but  are  always 
present  in  the  natural  article. 

Synthetic  Musk.  If  we  now  turn  to  synthetic  musk,  we  find  that  here 
wo  encounter  a  product  differing  entirely  in  chemical  composition,  impart- 
ing a  musk  odor  and  of  which  many  chemical  derivatives  have  been  made. 
The  original  musk  marketed  was  a  trinitro  derivative  of  toluene,  and  later 
a  trinitro  derivative  of  xylene.  This  brings  us  again  to  the  parent  sub- 
stance of  so  many  valuable  materials  in  chemistry  and  medicine,  namely, 
coal  tar.  Xylene,  which  forms  a  considerable  proportion  of  coal  tar, 
mav  V)e  condensed  w4th  iso-butvl  chloride,  })v  means  of  aluminium  chloride, 
— that  is  by  the  well-known  Friedel  and  Kraft  reaction,  to  form  iso-butyl- 
x>'lene.     After  careful  purification,  this  substance  is  nitrated  in  the  usual 
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way,  by  employing  a  mixture  of  sulphuric  and  nitric  acids  and  the  final 
product  is  thoroughly  purified  by  repeated  crystallization.  This  givc-s 
us  the  artificial  musk  of  commerce,  trinitro-iso-butyl-xylene,  consisting 
of  small,  yellowish,  needle-shaped  crystals,  having  a  peculiar  musk  cxlor. 
This  artificial  musk  is  utilized  in  many  perfume  compositions  all  over  tlu* 
world  to-day  and  while  it  has  not  the  identical  odor  of  the  natural  musk, 
it  has  replaced  it  in  numerous  instances,  especially  in  the  soap  and  perfume 
industry.  The  success  of  these  products  encouraged  scientific  research 
and  as  a  result,  a  numl)er  of  other  musk  compounds  have  been  made 
which  have  a  stronger  and  sweeter  odor.  Among  these,  we  may  mention 
musk  ketone,  also  a  nitro  product,  in  which,  however,  the  CO  or  ketone 
group  is  present.  Amljrette  musk  and  similar  derivatives,  made  by 
complicated  chemical  processes  have  a  more  intense  odor  than  any  other 
artificial  musk  known  and  likewise  have  the  advantage  of  being  mon^ 
soluble. 

Civet.  Civet  is  the  secretion  of  the  civet  cat  of  Abyssinia,  ^-here 
the  cat  is  kept  for  the  purix)se  of  producing  a  regular  supply.  It  is  a  sub- 
stance somewhat  similar  to  musk,  but  contains  derivatives  of  indol. 
principally  methyl-indol,  as  its  active  constituents.  As  brought  into 
commerce,  it  is  largely  adulterated  with  fats  and  fatty  substances,  hairs, 
clay,  etc.  The  substances  present  in  natural  civet,  which  give  it  fixative 
value,  have  been  identified  chemically  and  are  produced  synthetically. 
Civet  materials  are  now  available,  both  in  liquid  and  crystal  form,  as  well 
as  the  active  principle  to  which  the  odor  of  civet  is  mainly  due,  namely, 
one  of  the  methvl  indols. 

Ambergris.  Ambergris  is  another  product  belonging  to  this  series 
and  is  supposed  to  be  a  decomposition  product  present  in  the  intestines 
of  unhealthy  whales.  Its  use  has  largely  decreased  in  recent  times,  a< 
synthetic  substitutes  have  become  available  at  a  small  fraction  of  the 
cost  of  the  natural  article,  the  supply  of  which  is  very  irregular  and 
uncertain. 

Castoreum.  Castoreum  is  a  pro<luct  from  the  beaver,  which  has  a 
similar  odor  to  musk. 

Gum  Benzoin.  Of  the  fragrant  gum  resins,  known  to  the  ancient-^, 
but  few  have  survived.  Gum  benzoin  is  used  in  medicine  to-day  and  forms 
a  constituent  of  many  toilet  preparations.  Sumatra  gum  benzoin  has  a 
dark  brown  color  and  a  rather  disagreeable  odor  and  is  only  fit  for  medicinal 
use, — it  should  never  be  employed  for  perfumery  or  toilet  purposes.  The 
gum  coming  from  8iam  or  Rangoon  is  the  only  variety  suited  for  use  in 
perfumery.  It  is  practically  colorless.  Gum  benzoin  is  chemically  of 
interest,  because  from  it  benzoic  acid  was  first  isolated  and  it  has  given 
its  name  to  the  chemical  benzene  or  benzol  CoHe.  Then  we  have  gum 
olibanum  or  frankincense,  and  myrrh — Arabian  gums  of  sentimental, 
rather  than  practical  importance,  although  used  in  the  manufacture  of 
incense. 
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Styrax.  Styrax  from  Asia  Minor  is  another  gum  of  decreasing 
importance,  in  whicli,  however,  important  chemical  bodies  have  been 
found, — among  them  styrol  previously  mentioned,  as  well  as  cinnamic 
acid  and  cinnamic  alcohol,  both  of  which  are  of  importance. 

Balsam  Peru.  Then  we  have  the  balsam  or  gum  Peru,  improperly 
named  because  all  of  it  comes  from  the  Republic  of  Salvador  in  Central 
America.  This  balsam  is  obtained  by  crude  methods  over  a  direct  fire 
and  has  a  rather  smoky  odor.  It  is  too  sticky  to  find  much  application 
in  perfumery  and  is  usually  employed  in  medicine  only.  There  is,  however, 
the  so-called  oil  of  balsam  Peru,  which  is  separated  from  the  balsam  by 
chemical  means,  eliminating  the  resins,  which  has  a  very  nice  odor,  although 
contaminated  by  the  burned  smoky  smell,  due  to  the  phenolic  constituents, 
which  result  from  heating  the  balsam  over  direct  fire.  The  product  has 
been  analyzed  repeatedly  and  S3mthetic  reproduction?^  are  on  the  market, 
which  are  superior  in  odor  to  the  natural. 

Gum  Labdanum.  Then  we  have  the  old  gum  labdanum,  mentioned 
in  some  of  the  ancient  works  on  perfumery,  the  black  color  and  stickiness 
of  which  prevented  its  extended  use.  Chemistry  has  enabled  us  to  isolate 
from  the  gum  the  portion  to  which  the  real  odor  is  due,  which  is  now  largely 
employed  in  the  most  modem  creations  and  imparts  all  of  the  odor  value 
and  fixative  value  of  the  gum,  without  the  color  and  stickiness. 

Flower  Odors.  Then  we  come  to  the  perfumery  products,  isolated 
from  the  flower  by  means  of  either  the  enfleurage  process  or  the  macer- 
ation process.  This  group  of  products  includes  practically  all  the  finer 
flower  odors,  as  jasmine,  rose,  orange  flower,  tuberose,  cassie  or  acacia, 
violet,  jonquil,  hyacinth,  mimosa,  reseda  and  a  few  others  of  less  impor- 
tance. These  flower  materials,  either  in  pomade  fonn,  as  concretes,  or 
so-called  **  absolutes,"  have  been  invaluable  to  the  perfume  industry 
in  the  past.  Very  good  synthetic  reproductions  are  now  also  to  be  obtained 
at  lower  cost.  In  addition  we  have  other  flower  odors  that  organic  syn- 
thesis has  made  available,  which  have  not  as  yet  been  commercially  pro- 
duced from  the  flower.  Among  these  we  may  mention  trailing  arbutus, 
clover  blossom  or  trefle,  cyclamen,  gardenia,  liawthom  blossom,  honey- 
suckle, the  various  varieties  of  lilies,  locust  blossom,  magnolia,  melilot, 
which  duplicates  the  odor  of  sweet  clover,  narcisse,  new-mown  hay,  p)eony, 
sweet  pea,  wallflower,  and  a  number  of  materials  which  impart  the  perfume 
of  many  kinds  of  roses.  The  only  two  natural  rose  products  which  have 
been  available  heretofore  were  either  the  rose  concrete  or  pomade,  made 
by  the  cold  or  maceration  process,  and  the  distilled  oil,  which  we  shall 
discuss  later.     This  has  a  totally  different  odor  from  the  fresh  blossom. 

These  are  merely  a  few  of  the  successes  of  organic  chemistry  which 
have  supplied  materials  that  have  not  been  commercially  made  from  the 
plants.  Many  others  are  manufactured  which  can  also  be  made  from 
the  flowers,  but  are  so  produced  only  to  a  limited  extent,  as  for  instance, 
carnation  pink,  hyacinth  and  lilac. 


Chemical  Constituents.  Many  of  tlic  finest  flower  oils  eontain  a  nuni- 
b<^r  of  the  same  constituents,  but  in  widely  var>-ing  proportions  and  influ- 
enced by  tlie  odor  of  other  Ixxlics  present.  In  the  rose  we  find  the  terpene 
alcohols,  geraniol  an<l  citronellol  present  in  large  proportion.  Thes*- 
are  clasely  allied  chemically.  Geraniol  ha.s  the  fonnula  CioHisO  and 
citronell  ol,  CinHaoO.  Geraniol  may  be  produced  more  economically  from 
a  number  of  the  cheaper  oils,  a.s  will  be  shown  later.  Citronellol  has  not 
been  found  alone  but  seems  ahvajs  to  be  accompanied  Ijy  geraniol.  As  the 
commercial  separation  of  these  two  alcohols  is  only  possible  by  destroying 
the  greater  part  of  the  geraniol  present,  the  use  of  citronellol  alone,  wliieh 
does  not  exist  by  itself  in  the  flower  anywaj',  is  not  advantageous.  UndiT 
the  name  of  rodinol  or  rliodinol,  a  mixture  of  geraniol,  citronellol  ami 
isomeric  alcohoLs  is  marketed,  in  about  the  proportion  pre.-ient  in  the  flower. 
It  ha.s  a  very  sweet  rose-like  odor  when  perfectly  pure  and  is  u-sed  in  quan- 
tities. The  es-ters  of  geraniol  and  rodinol,  are  likewise  of  importance, 
the  acetates,  fonnates  and  propionates  having  a  very  sweet  flowery  odor, 

Phenylethyl  Alcohol  Derivatives.  Phenylethyl  alcohol  and  some  of 
its  derivatives  are  present  in  roses  and  many  other  flowers.  The  alcohol 
itself  has  a  faint  flowery  odor.  Some  of  its  esters  are  very  valuable, 
the  acetate  and  formate  having  a  decidedly  fruity  charactc  r  which  imparls 
freshness  to  blossom  oils  containing  these  esters.  The  l>enzoate  gives  a 
plea-sant  odor  and  also  acts  as  a  fixative.  Phenjiethyl  phenytacetate 
has  a  very  sweet  odor  reminding  one  of  roses  and  hj-aeinths  and  owing 
to  its  high  Ijoi ling-point,  is  a  very  valuable  fixative.  Phenylethyl  pro- 
pionate also  has  a  fruity  chara<ter,  jet  is  very  flowery  when  used  in  traces. 

Phenyl  Acetic  Acid  Derivatives.  The  allied  phenylaeetic  acid  has  a 
<lisagreeable  odor,  but  some  of  its  esters  are  valuable,  Ixith  as  perfuuit-s 
and  flavors.  The  ethyl,  methji  and  benzyl  esters  are  mostly  used.  The 
ethyl  and  methjl  esters  give  a  very  sweet,  honeylike  fragrance  when  useil 
in  minute  proportion.  The  l)enzyl  ester  has  quite  a  flowery  character. 
We  find  the  phenjiethyl  or  phenj'lacetic  group  verj'  widely  distribute<l 
in  many  different  blossoms,  only  different  derivatives  and  different  pro- 
portions are  present  in  each  flower.  The  allied  phenylaeetic  aldehyde 
is  a  syrupy  liquid  when  freshly  distilled,  and  has  a  very  strong  and  pungent 
hyacinth  odor;  unfortunately,  it  does  not  keep  long  but  changes  into 
polymers  on  standing.  For  this  reason,  it  is  usually  employed  in  solution 
in  benzyl  iH'nxoate  or  some  other  solvent,  sometimes  another  aldehyde 
being  used  for  the  purpose.  Commercially,  the  product  is  known  under 
the  name  of  jaeinthe.  The  instability  of  this  aklehyde,  which  lias  such 
a  sweet  odor,  prompted  research  work  to  find  some  derivative  wliich  would 
have  a  similar  odor  but  would  keep  unchanged,  .\mong  the  many  <le- 
rivatives  made,  phenyl  methyl  acetic  aldehyde,  CuHsCH.CHs.CHO, 
also  known  under  the  chemical  name  of  hydratropic  aldehyde  was  found 
to  l)e   perfectly  staljle.     This  differs  from  nhenvlaeetic   aldehvde  on]\- 


fine  and  pungent  flower  odor,  which,  however,  is  much  stronger  in  odor 
than  jacintht?  or  phenylacetic  aUlchyde.  By  condensing  l)enKene  with  any 
halogen  derivative  of  isopropyl-aloohol,  replacing  the  OH  of  the  alcohol 
by  a  halogen  by  the  usual  method,  iso-propyl-benzenc  iw  obtainc<l.  After 
properly  purifying  the  resulting  product,  we  obtain  hydratropic  aldehyde 
by  oxidation.  A  number  of  its  derivatives  are  likewise  of  importance. 
For  instance,  the  methyl  derivative,  readily  obtained  by  using  toluene 
instead  of  benzene  in  the  above  process  has  an  even  stronger  and  more 
pungent  o<lor,^iri  fact  it  is  so  powerful  that  the  o<ior  is  disagreeable,  but 
traces  of  it  produce  very  pleasing  results  in  blossom  oils. 

Cinnamic  Acid  Derivatives.  While  speaking  of  materials  that  have 
a  hj-aci nth-like  odor,  we  must  not  overlook  cinnamic  alcohol,  which 
imparts  a  very  sweet  and  flowerj-,  though  mild,  perfume.  This  alcohol 
is  one  of  the  constituents  of  gum  storax  and  is  present  in  it  as  such,  as 
well  as  in  ester  form  in  combination  with  cinnamic  acid  as  cinnamyl 
cinnamate,  a  practically  odorless  whit*  solid,  and  also  in  combination 
chemically  with  some  of  the  acid  resins  of  the  gum.  While  cinnamic 
acid  is  practically  of  no  odor  value,  its  esters  are  of  value,  as  they  give  a 
fruitj-  effect  when  used  in  small  proportion  and  they  are  present  in  many 
flower  oils.  The  methyl,  ethyl  and  amyl  esters  are  the  most  valuable 
from  the  odor  standpoint,  the  first  two  also  being  considerably  ased  in 
the  flavoring  imiustry,  since  when  used  in  traces  they  assist  in  duplicating 
.some  of  the  fine  fruit  flavors  of  nature.  The  benzyl  ester,  benzyl  cin- 
namate, we  have  already  mentioned  as  a  good  fixative,  although  it  has 
very  little  odor. 

Benzyl  Alcohol  Derivatives.  In  many  of  the  perfume  flowers  we  find 
either  benzjl  alcohol  or  its  esters,  which  are  most  widely  distributed 
throughout  nature.  Benzyl  acetate  accompanied  by  the  formate  and 
propionate  is  an  invaluable  constituent  in  jasmine,  of  which  indeed  these 
esters  fonn  the  bulk.  The  same  compounds  may  also  l>e  fount!  in  tulie- 
rose,  ylang  ylang  and  many  other  of  the  oils  previously  mentioned. 
Benzyl  alcohol  l'  ea.sily  prepared,  because  by  chlorinating  toluene  we  form 
benzyl  chloride  and  by  exchanging  the  chlorine  for  either  the  hydroxy! 
group  or  for  one  of  the  acid  radicals,  we  may  obtain  at  will,  either  the  alcohol 
or  any  ester.  Any  of  these  e.sters  may  of  course  also  be  ma<le  from  the 
alcohol  and  some  of  them  are  so  prepared  by  condensation  in  the  usual 
way.  Benzyl  acetate  has  a  very  fruity  odor  and  has  found  much  favor 
itself,  as  a  soap  perfume,  in  combination  mth  other  .synthetic  .substances 
or  with  some  of  the  distilled  oils.  Benzyl  formate  and  l>enzyl  propionate 
give  a  totally  different  odor  effect  from  the  acetate.  It  therefore  can 
reatlily  be  seen  why  flowers  that  contain  a  mixture  of  the  three  esters  will 
have  an  entirely  different  odor  from  either  one  alone.  On  the  other  hand, 
benzyl  benzoate,  the  benzoic  acid  ester  of  benzyl  alcohol,  has  only  a  slight 
odor,  but  is  highly  valued  as  a  solvent  and  as  a  cheap  fixative.     It  is 


610  INDUSTRIAL  CHEMISTRY 

about  12  to  14  pints  of  spirit  to  dissolve  an  ounce  of  artificial  musk,  thi> 
amount  is  freely  soluble  in  4  ounces  of  benzyl  benzoate  and  may  then  Ix* 
mixed  with  other  oils  in  any  desired  proportion.  Benzyl  benzoate  ato 
has  been  used  to  some  extent  as  a  fixative  in  flavors,  as  it  makes  the  niorf 
volatile  flavors  permanent,  especially  in  cases  where  the  flavor  has  to  stand 
prolonged  heating,  as  in  the  confectionery  industry,  in  making  chewing 
gum,  and  for  other  commercial  applications. 

Benzoic  Acid  Derivatives.  While  the  benzyl  ester  of  benzoic  acid 
has  so  little  odor,  both  the  methyl  and  ethyl  esters  of  benzoic  acid  have 
very  powerful  odors.  The  methyl  ester  is  used  extensively  in  the  soap 
industry  under  the  trade  name  Oil  of  Niobe.  The  ethyl  ester  is  used  more 
often  as  a  flavor  and  when  properlj'  employed,  imparts  characteristic 
freshness  to  manv  of  the  fine  fruit  oils.  Some  of  the  derivatives  of  benzoic* 
acid  are  likewise  important.  For  instance,  ortho-amido-benzoic  acid, 
which  has  the  same  formula  as  benzoic  acid,  excepting  that  one  hydrogen 
in  the  ortho  position  to  the  carboxyl  group  is  replaced  by  NH2,  is  the  parent 
substance  for  both  methyl  anthranilate  and  dimethyl  anthranilat4\ 
Methyl  anthranilate  is  the  methyl  ester  of  ortho-amido-benzoic  acid  or 
anthranilic  acid.  It  is  responsible  to  a  great  extent  for  the  delightful 
odor  of  the  orange  blossom  and  clearly  shows  the  inferiority  of  the  steain 
distilled  neroli  oil,  compared  with  the  orange  flower  products  made  by 
enfleurage  or  by  synthesis.  The  distilled  oil  usually  contains  less  than 
1  per  cent,  while  the  flower  product  proper  contains  an  average  of  10  per 
cent  of  this  ester.  Even  in  great  dilution,  its  odor  value  is  considerablf. 
and  it  is  more  widely'  distributed  than  has  been  commonly  recognizeil 
l^ecause  traces  of  it  have  been  found  in  many  blossoms,  while  jasmine. 
tuberose,  ylang  ylang  and  other  fine  flower  oils  contain  appreciabk- 
amounts. 

If  we  substitute  a  methyl  group  in  amido  benzoic  acid,  we  obtain 
methyl-amido-benzoic  acid  and  the  methyl  ester  of  this,  or  dimethyl 
anthranilate  is  likewise  very  valuable.  It  has  a  sweet  odor  in  great  dilu- 
tion, which  imparts  fragrance  to  many  blossoms. 

Naphthalene  Derivatives.  While  considering  the  perfume  of  orange 
flowers,  which  contains  so  many  of  the  constituents  already  mentioneil, 
it  is  curious  to  note  that  organic  chemistry  has  also  produced  an  ether  of 
a  phenol,  a  direct  derivative  of  naphthalene,  which  has  the  orange  flower 
odor  to  a  great  degree, — in  fact  it  is  so  powerful  that  the  material  can  onl>" 
be  used  in  minimal  amounts.  While  the  odor  is  not  equal  to  the  flower, 
it  is  so  cheap  and  so  strong  that  quantities  of  this  ether  are  used  in  soap 
making  and  in  the  cheaper  grades  of  cologne.  This  is  the  ethyl  ether 
of  beta-naphthol,  which  may  readily  be  derived  from  naphthalene.  Beta- 
naphthol  condenses  very  easily  with  ethyl  alcohol  and  the  resulting  white 
or  yellowish  white  crystals  melting  at  37°  C,  are  known  as  bronieiia  or 
neroline.  The  latter  name,  however,  has  been  indiscriminately  applieti 
both  to  the  ethyl  and  methyl  ether  of  beta-naphthol.     The  methyl  ether 
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has  an  even  more  powerful  odor,  but  reminds  one  somewhat  of  acacia 
blossoms  rather  than  orange  flowers  and  has  a  higher  melting-point, — 
that  is,  70°  C\  The  common  trade  name  is  yara.  Neither  one  of  these 
ethers  has  to  our  knowledge  been  found  in  nature  and  this  is  apparently 
an  instance  where  products  totally  differing  in  chemical  composition  have 
a  similar  odor,  as  in  the  case  of  natural  and  artificial  musk,  which  are  not 
related  chemically  by  any  means. 

Acetophenone  Derivatives.  Among  substances  having  an  orange 
flower  odor,  we  must  not  overlook  phenylmethyl  ketone,  known  also  under 
the  name  of  acetophenone  and  hypnone,  the  last  name  being  due  to  the 
fact  that  some  years  ago  it  was  extensively  used  in  medicine  as  a  hypnotic. 
It  is  a  product  particularly  valuable  in  soaps,  as  it  is  stable  against  alkalies 
under  all  circumstances.  Its  delightful  orange  flower-like  odor  and  pun- 
gency make  it  a  very  valuable  addition,  not  only  in  many  blossom  oils  but 
in  combinations  where  proprietary  effects  are  desired.  A  close  chemical 
relative  of  this  substance  is  para-methyl-acetophenone,  having  the  same 
formula,  but  with  a  CH3  group  in  the  para  position  to  the  ketone  group 
CO.  In  commerce  this  is  usually  called  melilot,  although  many  fancy 
names  have  been  used.  It  imparts  the  sweet  honey-like  fragrance  of  sweet 
clover  and  gives  very  similar  effects  to  cumarine,  the  active  principle  of 
the  tonka  bean.  As  it  is  about  five  times  as  powerful  in  odor  as  cumarine 
it  is  one  of  the  most  economical  perfumery  substances  known.  In  soaps 
it  is  invaluable  as  it  is  likewise  absolutely  stable  against  alkalies.  Other 
more  complicated  chemical  derivatives  of  these  substances  are  also  used. 

Cumarine.  Cumarine  is  the  active  principle  of  tonka  beans  and  is 
also  widely  distributed  in  nature.  It  is  found  in  quantities  in  the  herb 
known  as  deer  tongue  and  in  small  proportion  is  present  in  hay.  The 
odor  of  new-mown  hay  in  the  fields  is  due  partially  to  this  substance. 
From  the  chemical  standpoint,  cumarine  is  interesting,  because  it  can  be 
made  from  carbolic  acid  or  phenol,  which  in  turn  brings  us  back  again  to 
coal  tar  which  has  furnished  so  many  surprises  to  chemists.  Phenol, 
by  treatment  with  alkalies  and  chloroform  may  be  readily  converted  into 
a  mixture  of  two  aldehvdes.  We  mentioned  these  as  an  illustration  in 
►speaking  of  the  futility  of  judging  the  value  of  a  compound  by  its  chemical 
formula.  Ortho-oxy-benzaldehyde  is  usually  formed  in  the  larger  pro- 
portion and  may  be  readily  converted  into  cumarine  by  the  well-known 
Perkin  reaction,  by  condensing  this  aldehyde  with  acetic  anhydride  and 
anhydrous  sodium  acetate.  After  proper  purification,  the  chemical  so 
prepared  cannot  be  distinguished  from  a  properly  purified  cumarine 
obtained  either  from  deer  tongue  or  from  the  tonka  bean.  Purification 
is  of  prime  importance  because  the  slightest  odor  of  the  parent  material, 
or  of  one  of  the  reagents,  adhering  to  the  finished  product,  will  entirely 
spoil  it.  Cumarine  is  largely  used  in  making  cheap  flavors,  also  in  per- 
fumery and  in  scenting  soaps.  Some  of  its  chemical  derivatives,  the  man- 
xifacture  of  which  is  complicated,  are  even  more  valuable. 
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Benzaldehyde  Derivatives.  Para-oxy-benzaldehyde  is  the  other  aide- 
hyde  formed  in  smaller  proportion  in  the  reaction  just  mentioned.  While 
an  odorless  solid  it  can  readily  be  transformed  into  the  methyl  derivative, 
an  oil  of  powerful  odor,  recalling  hawthorn  blossoms  and  known  as  aubepine. 

Salicylic  Acid  Derivatives.  We  have  just  considered  meUlot  as  impart- 
ing a  sweet  clover  fragrance.  The  red  clover  has  an  odgr  of  its  own. 
One  of  the  main  constituents  ased  in  duplicating  this  is  a  synthetic  IkkIv, 
first  made  in  the  laboratory  and  long  marketed  under  various  names,  a-; 
orchidee,  sanfoin,  etc.  This  is  the  amyl  ester  of  salicylic  acid  or  ortho- 
oxy-benzoic  acid.  It  has  about  the  same  relation  to  trefle  or  orehidet^ 
perfumes  as  benzyl  acetate  has  to  jasmine, — that  is,  while  present  in  large 
proportion,  its  odor  is  influenced  and  totally  changed  by  some  of  the  other 
constituents  previously  described.  Iso-butyl-salicylate  has  a  similar 
odor  and  is  known  under  the  name  of  orchidone.  Some  of  the  other 
esters  of  salicylic  acid  are  likewise  valuable.  The  benzyl  ester  is  useil 
as  a  fixative  and  others  have  found  more  or  less  application. 

Fruit  "  Ethers."  While  speaking  of  amyl  and  butyl  esters,  we  should 
correct  a  popular  error  which  early  found  its  way  into  print  and  has  Ix^en 
repeated  many  times.  Over  forty  years  ago  it  was  noticed  tKat  the  esters 
of  the  fatty  alcohols  and  acids  had  a  fruity  character.  Old  fonnulas  have 
frequently  been  reprinted,  which  give  the  amateur  instructions  for  the 
manufacture  of  pear,  banana,  strawberry  and  other  fruit  oils  by  merely 
using  these  esters  (called  fruit  ethers)  in  combination  with  chemical  sulv 
stances  which  should  not  be  used  in  food  products,  such  as  chloroform, 
etc.  When  we  consider  the  number  of  constituents  which  contribute* 
to  the  perfume  of  flower  oils,  is  it  to  be  supposed  that  flavors  which  give 
aroma  to  the  fruits  would  be  less  complicated  in  composition?  It  Ls  nn 
doubt  true  that  most  fruits  contain  a  small  proportion  of  these  fatty  ester-, 
but  they  are  present  very  largely  as  nature's  diluent.  They  bear  the  sanie 
relation  to  the  fruit  flavor  as  terpenes  do  to  oil  of  lemon  or  as  the  odorless 
benzyl  benzoate  to  the  other  substances  present  in  flower  oils  in  smaller 
croportion  Hence  it  requires  equal  study  and  care  to  duplicate  synthet- 
ioally  any  of  the  fruit  flavors,  after  identif\dng  and  producing  the  Ixxli**^ 
to  which  the  real  fruit  aroma  is  due.  Many  of  the  substances  present 
in  flowers  are  also  found  in  fruits.  Methyl  anthranilate  is  an  example. 
This  material  is  present  in  grapes  and  contributes  largely  to  the  flavor. 
The  same  is  true  of  phenylethyl  alcohol  and  its  esters  which  are  mon.^ 
widely  distributed  in  fruits  than  is  commonly  supposed. 

Bitter  Almond  Oil.  The  essential  oil  of  bitter  almond  is  an  illustration 
of  the  futility  of  the  classification  of  essential  oils  according  to  their 
botanical  origin.  The  almond  tree  is  a  member  of  the  great  Rose  family, 
resembling  our  peach.  There  is  no  difference  between  the  bitter  and  the 
sweet  almond  trees  and  the  fruits  of  both  contain  a  considerable  amount 
of  fatty  oil,  which  is  also  utilized  in  medicine,  as  *'  oil  of  sweet  almonds." 
The  same  oil  may  be  found  in  the  apricot  and  peach  fruit,  but  in  addition, 
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these  two  and  the  bitter  almond  kernel,  contain  a  body  called  "  amyg- 
dalin,"  which  is  a  combination  of  glucose,  hydrocyanic  acid  and  benzoic 
aldehyde,  and  this  breaks  down  into  these  bodies,  when  acted  upon  by 
a  ferment,  called  emulsin,  which  is  also  present  in  the  fruit  or  seed,  or 
by  other  hydrolizing  agents.  4fter  the  emulsin  has  acted,  direct  steam 
is  applied  and  a  very  old  process  in  vogue  among  the  alchemists  and  named 
by  them  '^  cohobation,"  is  employed.  The  water  which  has  been  dis- 
tilled oflf  is  returned  to  the  still  after  separating  the  oil,  by  which  means 
the  total  amount  of  water  used  is  kept  do^vn  to  a  minimum  and  a  much 
larger  quantity  of  oil  is  recovered.  The  hydrocyanic  acid  must  be 
removed  from  oils  intended  for  flavoring,  because  it  is  highly  poisonous 
and  during  this  and  the  previous  handling,  care  must  be  taken  to  prevent, 
as  far  as  possible,  the  rapid  oxidation  of  the  principal  constituent,  benzalde- 
hyde,  to  benzoic  acid.  This  will  well  illustrate  the  care  which  must  be 
taken  and  the  number  of  reactions  involved,  in  obtaining  from  nature 
such  a  simple  body  as  benzaldehyde,  which  can  be  so  easily  made  from 
toluene.  For  instance  if  toluene  is  treated  by  chlorine,  we  obtain  according 
to  the  proportion  of  chlorine  employed,  either  benzyl  chloride  C6H5CH2CI 
or  benzal  chloride  CoHsCH.Cb.  Benzaldehyde  may  be  made  from 
either  of  these  toluene  substitution  products.  For  instance,  if  we  treat 
benzyl  chloride  with  lead  nitrate  and  water,  we  obtain  benzaldehyde 
CgHoCHO.  The  oil  of  bitter  almond,  deprived  of  prussic  acid,  is  com- 
mercially known  as  oil  of  bitter  almond,  S.  P.  A.  (without  prussic  acid). 
The  natural  oil  containing  the  acid  is  very  poisonous  and  must  never  be 
employed,  excepting  for  medicinal  purposes  when  the  prescribing  physician 
specially  desires  its  medicinal  effects. 

Anise  Oil.  Anise  oil  is  more  easily  obtained  as  it  is  only  necessary 
to  steam  distill  the  seed  until  the  residue  is  free  enough  from  oil  to  be 
used  as  cattle  food.  The  resulting  anise  oil  is  quite  complex  in  com- 
position, the  main  constituent  being  anethol,  the  methyl  ether  of  para- 
propenyl-phenol  and  with  it  is  associated  the  corresponding  allyl  compound 
known  as  methyl  chavicol.  These  bodies  are  also  found  in  almost  the 
same  proportion  in  an  entirely  different  oil  from  a  botanical  standpoint, 
because  anise  is  a  member  of  the  irmbelliferous  family,  to  which  carrots 
and  parsnips  belong,  while  the  star  anise  is  distilled  in  China,  from  the 
fruit  of  an  ilex  tree  which  is  related  to  magnolia  and  yields  an  oil  which 
can  scarcely  be  distinguished  by  chemical  tests  from  true  anise  oil. 
Star  anise  oil  is  usually  produced  in  the  crudest  ways  l)y  natives  and  is 
sold  at  a  much  lower  price.  The  oil  is  used  in  medicine  and  sometimes 
as  a  flavor. 

Bay  Oil.  Bay  oil  is  in  no  way  related  to  the  bays  or  laurels  of  classical 
times,  but  is  distilled  from  leaves  of  trees  native  to  the  West  Indies, 
belonging  to  the  Pimenta  or  Myrcia  family.  At  an  early  date,  these  sweet 
leaves  were  soaked  in  rum  and  the  well-known  bay  rum  was  the  result.  It 
was  later  found  that  an  oil  obtained  by  steam  distillation,  could  be  added 
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to  alcohol  and  a  very  similar  product  obtained.  The  oil  contains  eugenol 
and  nieth}'!  eugenol  as  its  principal  constitutents.  It  also  contains  ehaviciil 
and  its  methyl  ether,  which  has  been  mentioned  previously  as  present 
in  anise  oil,  and  a  little  citral,  which  we  shall  consider  later.  In  addition 
there  are  a  number  of  terpenes,  which  are  bodies  that  have  only  recently 
been  investigated  and  about  which  we  shall  have  to  learn  much  before 
we  can  understand  them.  They  are  present  in  many  oils  in  considerable 
proportion  and  in  traces  in  nearly  all  essential  oils  that  are  dL^tilK'ti. 
They  are  a  disadvantage  in  practically  every  instance  as  they  take  up 
oxygen  from  the  air,  thicken  the  oils,  give  rise  to  unpleasant  odors  ami 
have  but  little  odor  value  themselves.  Many  of  the  natural  oils  contain 
a  large  proportion  of  terpenes  and  therefore  a  purified  product,  whirl. 
eliminates  these,  is  highly  to  be  preferred  in  manufacturing,  because  tli» 
purified  oil  is  more  soluble,  has  the  odor  of  the  plant  or  fruit  in  a  higli*  r 
degree  and  is  more  concentrated. 

Birch  Oil.  Birch  oil  is  almost  entirely  composed  of  the  methyl  e>ter 
of  ortho-oxy-benzoic  acid  or  salicylic  acid.  This  is  also  the  main  con- 
stituent of  value  in  oil  of  wintergreen*  For  this  reason,  the  U.  S. 
Pharmacopoeia  has  recognized  artificial  methyl  salicylate,  made  by  con- 
densing salicylic  acid  and  methyl  or  wood  alcohol.  For  flavoring  methyl 
salicylate  is  inferior  to  ethyl  salicylate,  which  also  exists  in  many  natural 
oils,  as  the  ethyl  ester  gives  not  only  a  sweeter,  but  more  lasting 
flavor. 

Wintergreen  Oil.  Oil  of  wintergreen  represents  one  of  the  few 
examples  of  essentials  oils  that  consist  of  practically  one  constituent 
to  which  the  odor  and  flavor  value  is  due.  Almost  all  the  others  are  more 
complex  in  character.  Methyl  salicylate,  mixed  with  a  little  ethyl  sali- 
cylate, can  scarcely  be  distinguished  in  flavor  from  the  natural  oil. 

Camphor.  Camphor  is  a  body,  which,  while  not  strictly  an  essential 
oil,  is  very  important,  not  only  on  account  of  its  medicinal  value,  but 
because  it  is  the  parent  substance  of  many  other  chemical  bodies.  Japan 
has  controlled  its  production,  but  it  has  also  been  made  by  s>Tithe>i> 
and  artificial  camphor  is  now  on  the  market.  Camphor  is  obtain(*<l 
commercially  by  distilling  with  steam  the  wood  of  the  camphor  tRV. 
Recently,  the  discovery  has  been  made  that  small  plants,  just  startwl 
from  the  seed,  can  be  mowTi  and  distilled  with  a  very  good  yield  of  camphor. 
Camphor  is  a  solid  which  crystallizes  from  camphor  oil  on  chilling. 
Camphor  oil,  the  liquid  portion,  is  very  complex  and  is  one  of  the  source- 
of  safrol,  which  is  u.sed  commercially  in  medicine,  as  artificial  oil  of 
sassafras,  of  which  it  is  the  principal  constituent.  It  is  also  usoil 
chemically  because  by  oxidation  it  yields  heliotropine  or  piperonylic 
aldehyde,  a  substance  which  has  a  strong  odor  of  heliotrope  and  is  one 
of  the  constituents  to  which  the  flower  owes  its  perfume.  Alone,  how- 
ever, it  has  but  little  value  and  should  be  reinforced  with  the  other 
J:)odies  present  in  the  l^lossom.     Heliotropine  crystals  have  proven  valuable 
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as  an  addition  for  sweetening  soap    perfumes   and   for  other   technical 
applications. 

Bergamot  Oil.  The  oils  of  the  Citrus  family  which  include  bergamot, 
lemon,  lime,  orange  and  bitter  orange  are  all  made  commercially  only  in 
southern  Italy  and  Sicily.  All  arc  obtained  by  exprcvssion  and  not  by 
distillation.  Oil  of  bergamot  owes  its  odor  principally  to  the  esters  present, 
consisting  of  linalyl  acetate  and  allied  compounds.  The  commercial  oil 
usually  contains  from  30  to  35  per  cent  of  ester  and  is  valued  according  to 
ester  content.  It  has  been  largely  adulterated,  especially  since  the  price 
has  risen  during  the  last  few  years  and  should  be  purchased  from  reliable 
sources.  Synthetic  products  are  available,  which  duplicate  the  odor  at 
considerably  less  cost.  Linalyl  acetate,  one  of  the  main  constituents 
of  the  oil,  may  also  l)e  had  at  a  lower  cost,  considering  that  this  forms 
less  than  one-third  of  the  oil. 

Lemon  Oil.  Lemon  oil  consists  principally  (as  far  as  quantity  is 
concerned)  of  terpenes,  which  have  no  flavor  or  odor  value,  but  which 
hasten  the  rapid  oxidation  of  the  oil,  so  that  lemon  oil  will  not  keep  very 
long  and  changes  into  turpentine-like  smelling  derivatives,  which  are 
useless  for  technical  application.  The  active  principles  of  lemon  oil 
are  less  than  10  i)er  cent  of  the  whole,  the  main  constituent  being 
citral,  the  aldehyde  of  geraniol,  which  we  shall  further  consider  under 
geranium  oil.  Citral  is  usually  isolated  from  lemongrass  oil,  in  which 
it  is  i)resent  in  far  largiT  proportion,  ranging  from  60  to  80  per  cent, 
according  to  quality.  Lemongrass  oil  contains,  however,  constituents 
that  have  such  a  disagreeable  odor  that  the  oil  itself  has  found  but  little 
application  except  in  laundry  soaps.  Citral  alone  ev(*n  when  pure  does 
not  produce  a  fresh  lemon  flavor.  It  is  well  known  that  other  substances 
are  present  in  small  proportion  and  chemists  are  engaged  in  research 
to  duplicate  the  flavor  entirely.  Small  amounts  of  linalyl  acetate, 
methyl  anthranilate  and  a  number  of  other  compounds  are  also  present 
in  lemon  oil.  When  these  have  finally  l)een  identified  and  the  pro- 
portions accurately  determined,  science  will  offer  to  commerce  a  synthetic 
lemon  oil  at  lower  cost. 

Orange  Oil.  The  oils  of  bitter  and  mandarin  oranges  and  limes 
are  made  on  a  small  scale,  })ut  the  oil  of  sweet  orange  has  found  extended 
application  in  flavors  and  perfumery  for  many  years  past.  Oil  of  sweet 
orange  contains  a  larger  proportion  of  terpenes,  which  are  useless  from 
the  odor  and  flavor  standpoint,  than  any  of  the  other  oils  of  the  Citrus 
family.  In  fact  it  is  estimated  that  less  than  one-twentieth  of  the  weight 
of  the  commercial  oil  of  orange  consists  of  the  active  odor  or  flavor-bearing 
portion — among  these  decoic  aldehyde  has  been  identified  as  one  of  the 
constituents  that  contributes  the  main  flavor,  but  many  other  items  are 
present. 

Synthetic  Aldehydes  and  Alcohols.  This  brings  us  to  the  subject  of 
the  synthetic  fatty  aldehydes  and  alcohols,  which  are  of  use  in  perfumery 


and  flavors.  The  lower  fatty  aldehydes  and  alcohols  containinR  less  than 
seven  carbon  atoms  to  the  molecule,  are  of  but  little  value.  Our  interest 
begins  with  heptoic  aldehyde  and  heptoic  alcohol.  Both  of  these  may  be 
nia<ie  from  ca-stor  oil  commercially  and  have  an  exceedingly  disagreeable 
odor  while  impure  or  while  concentrated,  but  when  ascd  in  traces  prove 
of  high  value.  Then  we  come  to  the  cight-earbon  atom  molecule,  octoic 
alcohol  and  octoic  aldehjde,  both  of  considerable  importance  in  per- 
fumerj'.  They  are  present  in  many  of  our  most  valued  flower  oils  in 
infinitesimal  projwrtion.  Yet  if  both  of  these  arc  utilized  indiscriminately, 
in  larger  quantities,  the  n-sult  will  be  failure,  because  while  concentrat«l, 
both  have  a  disi^^reeable  odor.  Almost  the  same  thing  may  be  sai<l 
of  nonoic  alilehyde  and  nonoic  alcohol,  both  cf  whieh  arc  extremely 
valuable,  when  used  in  traces,  yet  when  employed  in  too  targe  a  pro- 
portion, the  odor  elTect  is  entirely  out  of  harmony  and  spoils  the  product. 
Decoic  aldehyde  and  dceoic  aelohol  are  of  the  same  importance.  As 
stated,  decoic  aldehyde  is  one  of  the  Iwdies  to  which  orange  oil  owes 
its  mmn  flavor  and  odor  value.  It  is  a  magnificent  product  when  properly 
used.  Decoic  alcohol  likewise  proves  of  service  in  many  in.«tance.^,  but 
if  used  in  excess,  the  effect  will  i>e  disagreeable. 

Duodccoic  alcohol  and  duwiecoic  aldehyde  serve  the  same  purpose. 
In  traces  they  are  valuable.  Some  instances  have  appeared  in  print, 
where  duodccoic  aldehyde  has  been  recommended  for  sweetening  ionone 
and  for  producing  flowery  effects  when  used  in  the  proportion  of  10  per 
cent.  Any  manufacturer  who  employs  the  product  in  that  proportion  will 
be  disappointed  because  if  he  ases  an  absolutely  pure  material,  he  will 
find  that  a  very  much  smaller  amount  will  prove  of  more  service  than 
the  larger  quantity  recommended  in  the  chemical  press. 

Grass  Oils.  From  the  citrus  oils,  wc  pass  to  the  East  Indian  oils  of 
the  C'itronella  family,  which  includes  a  numlier  of  aromatic  grasses.  They 
are  known  by  various  names  and  while  closely  related  botanically, 
produce  oils  of  entirely  different  odor  effects  when  distilled.  They  include 
the  oils  of  citronella,  palma  rosa,  or  East  Indian  geranium,  gingergrass, 
leniongrai<s  and  vetiver.  Hundreds  of  tons  of  these  grasses  are  distilled 
annually  by  the  natives  in  India.  Oil  of  citrionella  is  mostly  used  for 
technical  applications  and  for  pt^fuming  laundry  soaps.  Chemically, 
it  is  a  source  of  the  important  terpcne  alcohol,  geraniol,  a  constituent 
of  rose  oil.  It  also  contains  an  aldehyde,  citronellal,  closely  related 
chemically  to  eitral,  the  aldehyde  of  lemon  oil,  which  serves  as  a  raw 
material  for  building  up  other  materials  by  synthesis.  Oil  of  palina 
rosa  or  Ea.st  Indian  geranium  oil  is  likewise  of  importance,  as  it  contains 
a  large  proportioi.  of  geraniol,  which  is  i.solat<'d  from  the  oil  chemically 
and  finds  extende<l  application.  The  oil  itself  is  used  as  a  soap  perfume. 
Oil  of  gingergrass,  so  called,  up  to  re<'ent  times  was  thought  to  be 
an  adulterated  palma  rosa  oil,  but  has  Ix-en  proven   to    be   a   dis-tinct 

st;ur>ntiul  nil    Hi4till<>H  fmin  n  Hifferent  snecies  of  frrSRs.       It  finds  annlicntinn 


principally  in  scenting  soaps.  Oil  of  lemoi^ass  is  of  great  vakip,  because 
this  contains,  as  previously  mentioned,  a  large  proportion  of  citral. 
(Jitral  is  not  only  one  of  the  active  principles  of  oil  of  lemon  to  which 
the  main  flavor  is  due,  but  may  be  chemically  converted  into  other 
derivatives  which  are  of  much  greater  value  to  perfumery.  Citral  may 
be  condensed  with  acetone,  by  any  alkaline  condensing  agent,  forming 
a  ketone  derivative  known  chemically  as  pspudo-ionone,  which  by  treat- 
ment with  acids  Is  converted  into  ionono. 

lonone.  lonone  is  a  direct  derivative  of  the  benzene  series.  The 
acid  treatment  converts  the  chain  formula  of  the  aliphatic  series  into 
an  aromatic  derivative,  by  closing  the  chain  into  a  ring.  lonone  exists 
in  a  number  of  isomeric  forms  each  of  which  ha-*  a  slightly  (different  odor. 
Many  derivatives  of  lonone  have  Ix-cn  made.  The  name  "  lonone  " 
having  been  trade  marked  at  the  time  the  original  patent  (cow  expired) 
was  applied  for  in  1893,  these  violet  ketones  are  marketetl  uader  variou-s 
trade  names,  as  iovionol,  neoviolone,  ional  and  many  others.  The 
conversion  of  psuedo-ionone  by  means  of  acid  gives  rise  to  a  great  many 
impurities  having  a  disagreeable  odor.  C'oasequently,  these  ketones  are  or 
the  market  in  all  pos.sible  qualities,  from  tha-se  which  are  almost  useless, 
on  account  of  imperfect  purification,  to  products  which  have  a  charming 
flora!  odor  and  are  applicable  for  the  finest  perfumery  purposes.  lonone 
is  an  isomer  of  irone,  the  active  principle  of  the  essential  oil  or  orris  root. 

Orris  Oil.  Orris  root  or  the  iris  of  Italy,  when  distilled,  yields  an  essen- 
tial oil  containing  about  90  per  cent  of  myristic  acid  and  about  10  per 
cent  of  active  perfume  substances,  of  which  irone  is  the  main  constituent. 
An  absolute  orris  oil  free  from  the  fatty  acid  is  also  sold,  being  from 
8  to  10  times  as  strong.  S>-nthetic  orris  products  also  enjoy  a  large 
market. 

Violet  Odors.  lonone,  as  well  as  irone,  popularly  represents  the  violet 
odor,  but  as  a  matter  of  fact,  many  other  aulxstances  contribute  to  the 
violet  perfume.  The  manufacturer  who  thinks  he  can  get  a  violet  by 
merely  dissolving  ionone,  irone  or  orris  oil  in  alcohol  is  doomed  to  di.s- 
appointment,  because  the  other  sul>stances  are  iiiis.sing,  which  contribute 
the  life-like  character  and  really  produce  the  complex  o<lor  effect  which 
the  public  knows  as  violet.  Synthetic  violet  products  are  available 
which  enable  the  manufacturer  to  produce  almo.st  any  shading  of  the 
delicate  fresh  violet  fragrance. 

Vetiver  Oil.  The  other  related  gra.ss  oil  is  the  oil  of  vetiver  or  cus-cus, 
but  in  this  case  only  the  roots  are  distilled.  Oil  of  vetiver  is  a  viscid  oil 
having  a  very  powerful  odor  and  is  used  in  traces  in  many  perfume  com- 
binations of  the  Oriental  tj-pe.  The  oil  as  distilled  contains  .some  by- 
pnxlucts  having  an  extremely  disagreeable  odor.  A  purified  product  is 
available  which  gives  a  much  finer  perfume  and  may  be  used  in  lai^cr 
proportion.  It  finds  employment  quite  extensively  in  some  of  the  most 
modem  odors. 


Clove  CJil.  Cloves,  one  of  the  earliest  items  of  trade  betwepn  the 
Ea-st  and  West,  contain  suih  a  large  proportion  of  oil  that  even  the  criidest 
methods  give  a  fair  yield.  Cloves  are  the  dried,  unopened  flower  buds 
of  a  beautiful  evergreen  tree.  Clove  oil  is  the  commercial  source  of 
eugcnol  which  chemically  is  allyl-niethoxy-oxy-benzene.  This  is  present 
in  the  commercial  oil  (o  the  extent  of  from  70  to  85  per  ceut.  The 
other  constituents  are  of  no  commercial  importance.  Eugenol  may  !>e 
obtained  from  clove  oil  by  combining  it  with  an  alkali,  removing  the 
t^rpenes,  setting  free  the  eugenol  and  di.'rtilling.  Its  specific  gravity 
increases  on  aging,  owing  to  the  formation  of  resinous  or  con<len.-iatioi» 
products.  C'onsequently,  a  perfectly  pure  material,  when  freshly  dis- 
tilled, will  have  a  slightly  lower  specific  gravity  than  require<l  by  the 
U  S.  Pharmacopoeia.  By  treatment  with  alkalies,  eugenol  may  Ix; 
convert^-d  into  iso-eugenol,  which  on  oxidation  yields  vanilline. 

VaniUine.  Chemically,  vanilline  is  the  methyl  ether  of  protocat^'cliuic 
aldehyde  and  fonns  one  of  the  main  flavoring  constituents  present  in 
vanilla  beans.  \'anilline  alone,  however,  will  not  duplicate  the  entire 
flavor  of  vanilla,  as  it  merely  represents  one  of  the  constituents  of  the 
bean  flavor.  Vanilla  beans  contain  in  addition  to  vanilline,  other  sul»- 
stances  to  which  the  fine  flavor  of  the  beans  is  principally  due.  Popularly 
and  quite  erroneously,  it  has  Ix-en  thouglit  that  the  resinous  substances 
which  are  present  contribute  to  the  flavor.  As  a  matter  of  fact,  the 
resinou-s  l)odies  in  the  bean  when  si-parated,  tenaciously  hold  a  small 
proportion  of  the  active  principles,  but  wlien  perfectly  pure,  these  resins 
have  practically  no  odor  or  flavoring  value.  Synthet'C  materials  are 
available,  however,  which  duplicate  the  entire  flavor  of  the  finest  l>eans 
and  are  free  from  resins  or  tannins  which  contaminate  the  natural  bean 
flavor. 

Allspice  Oil  (or  Pimento).  Another  oil  which  contains  a  considerable 
proportion  of  eugenol  (65  per  cent)  is  the  oil  of  allspice  or  pimento,  oflficial 
in  the  U.  S.  Phannacopteia,  It  is  used  principally  for  flavoring.  Mast 
of  the  spices,  herbs  and  other  condiments  utiUzed  owe  their  flavoring 
value  to  essential  oils. 

Herb  and  Spice  Oils.  Among  these,  we  may  mention  the  oils  of  mace, 
nutmeg,  caraway,  celery,  coriander,  cumin,  fennel,  ginger,  marjoram, 
parsley,  sage,  thyme  and  pepper,  all  of  which  arc  more  or  less  complex 
in  composition.     Space  does  not  allow  their  diseassion  in  detail. 

Cassia  Oil.  Another  spice  oil  of  importance  is  oil  of  cas.sia, 
improperly  called  in  the  U.  S.  Pliarmacopu?ia,  oil  of  cinnamon.  Oil  of 
cassia  owes  its  main  value  to  cinnamic  aldehyde,  which  is  present  to 
the  extent  of  about  80  per  cent.  This  aldehyde  is  also  produced  by 
synthesis. 

Ceylon  cinnamon  oil  is  worth  about  fifteen  times  as  much  as  oil  of 
cassia.     It  ha.s  a  finer  odor  than  ca^^sia  and  while  the  content  of  cinnamic 


are  present  which  influence  the  wlor  considerably.  For  this  reason, 
Chinese  cassia  oil  and  Ceylon  cinnamon  oil  shoukl  not  he  confused  or 
called  by  the  same  name. 

Peppermint  Oil.  While  speaking  of  the  aromatic  oils  used  as  condi- 
ments or  for  flavoring,  we  must  not  overlook  peppermint,  which  is 
produced  so  extensively  in  America.  Oil  of  peppermint  owes  its  chief 
value  to  menthol,  an  alcohol,  having  the  formula  CioHigOH,  and  some 
of  the  esters  of  menthol,  principally  menthol  acetate.  Japanese  oil 
of  peppermint  is  also  marketed  though  often  part  of  the  menthol  has 
been  previously  removed  from  it. 

Eucalyptus  Oils.  In  Australia,  we  find  various  members  of  the 
Eucalyptus  family.  They  yield  oils  difTering  very  much  in  chemical 
composition  and  odor  and  the  exact  species  of  tree  from  which  the  oil 
was  obtained  shoukl  always  be  mentioned.  The  ordinary  commercial 
eucalyptus  oil  owes  its  medicinal  effect  principally  to  a  Ixxly  chemically 
knoTivn  a.s  eucalyptol  or  cineol.  Eucalyptol  is  widely  dbtributed  throughout 
the  essential  oils  in  small  proportion,  but  when  present  in  large  proportion 
as  in  cucaliTitus  oil,  or  when  concentrated,  it  has  a  very  disagreeable  taste 
and  odor.  Consequently  its  use  has  dccrease<l  considerably  in  recent 
years,  as  other  medicinal  botlies  have  been  found  which  are  not  as 
unpleasant. 

Pelargonium  or  Geranium  Oil.  Oil  of  pelargonium  is  one  of  the 
more  moilern  oils  and  is  of  considerable  commercial  importance,  as  it  con- 
tains about  70  per  cent  of  terpene  alcohols,  that  is,  both  geraniol  and 
C'tronellol,  in  varying  proportions,  according  to  the  source.  It  shows  that 
the  same  plant  will  yield  other  chemical  substances  when  grown  in  different 
soils  or  climates.  A  number  of  varieties  of  pelargonium  or  geranium  are 
distilled  in  Algeria  and  throughout  northern  Africa,  a.s  well  as  in  some  of 
the  French  islands,  especially  Reunion,  and  to  a  limited  extent  in  southern 
France.  The  plant  is  common  with  us  as  a  house  plant  and  is  known 
as  "  rose  geranium."  The  oil  is  used  in  perfumery  and  soap  making 
and  also  serves  as  the  source  of  the  valualjte  terpene  alcohols,  which 
may  either  be  isolated  and  used  as  such  or  changetl  by  synthesis  into 
derivatives  having  a  still  higher  perfume  value. 

Lavender  Oil.  Oil  of  lavender  is  distilled  from  a  member  of  the 
mint  family  and  while  quantities  are  produced  in  England,  the  bulk  of 
the  product  comes  from  southern  France.  French  lavender  oil  is  commonly 
valued  by  the  ester  content,  estimating  the  mixture  of  esters  as  linaljl 
acetate.  The  so-called  Mitcham  or  English  lavender  oil  contains  les,s 
ester  but  other  constituents  are  present  in  small  proportion  which  give 
a  different  perfume  effect.  The  English  oil  commands  a  higher  price. 
This  is  again  an  instance  where  the  proportion  of  one  conslituent  does 
not  determine  the  value  of  a  perfumery  product.  It  is  the  quality  of 
ihf  constituents  nresent  that  infliipnees  the  value  nf  the  nil. 
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Linalool.  Linalool  is  a  terpene  alcohol  of  high  importance  in  the 
industry.  It  has  the  chemical  formula  CioHisO,  and  is  widely  distributed 
in  nature.  Mexican  oil  of  linaloe  is  the  principal  commercial  source 
of  linalool,  as  this  oil  contains  from  60  to  85  per  cent.  The  oil  it^^elf 
has  a  crude  odor,  owing  to  impurities,  but  by  proper  physical  and  chemical 
methods  the  alcohol  may  be  separated  in  very  pure  form.  The  so- 
called  oil  of  female  rosewood  distilled  in  British  Guiana  contains  a  larger 
proportion  of  linalool  and  has  a  sweeter  odor  itself  but  the  terpene 
alcohol  separated  from  it,  when  properly  purified,  is  in  no  way  superior 
to  the  Mexican  product,  provided  care  has  been  taken  to  eliminate  all 
impurities.  Linalool  also  exists  in  several  isomeric  modifications  differing 
somewhat  in  odor. 

Neroli  Oil.  One  of  the  oils  which  owes  much  of  its  odor  value  to  esters 
of  linalool,  is  the  oil  of  neroli,  distilled  from  orange  blossoms  in  southern 
France.  We  have  already  mentioned  methyl  anthranilate  and  a  number  of 
other  substances  that  contribute  to  the  complex  orange  flower  odor.  Xeroli 
oil,  being  made  by  steam  distillation,  of  course  does  not  represent  the 
entire  odor  value  of  the  flowers,  but  having  become  a  conmiercial  product 
many  years  ago,  is  esteemed  by  manufacturers  of  cologne  and  is  also 
used  as  a  flavor  to  a  limited  extent.  ''  Orange  flower  water,"  so  called, 
is  obtained  as  a  by-product  in  the  process  and  contains  the  saponifieil 
portion  of  some  of  the  constituents  present  in  the  blossom  and  may  l)e 
had  at  a  fair  price,  considering  the  fact  that  the  purchaser  must  pay  for 
the  transportation  of  distilled  water  from  Europe.  A  number  of  different 
varieties  of  neroli  are  known,  neroli  petale  being  the  finest  grade,  neroli 
bigarade  coming  next  in  quality  after  which  there  are  various  inferior 
grades,  ending  with  the  so-called  oil  of  petitgrain.  This  is  imported  from 
South  America  where  it  is  distilled  by  crude  native  methods  from  twigs. 
leaves,  unripe  fruit,  as  well  as  flowers  of  the  wild  orange  trees  which  have 
spread  from  those  planted  there  when  Spanish  friars  controlled  that 
quarter  of  the  world.  Oil  of  petitgrain  is  a  dangerous  adulterant  and 
is  frequently  used  to  dilute  the  more  valuable  neroli  oils,  both  the  natural 
and  synthetic. 

Rose  Oil.  We  have  already  mentioned  the  history-  of  oil  of  rost\ 
usually  known  as  Turkish  otto.  This  continues  to  be  one  of  the  highly 
prized  perfumery  products  used  throughout  the  world.  Turkey  does 
not  produce  even  a  small  proportion  of  the  crop,  almost  all  of  it 
comes  from  Bulgaria.  Yet  it  must  be  remembered  and  repeated  that 
distilled  oil  of  rose  has  only  part  of  the  perfume  of  the  flower.  The 
very  act  of  steam  distillation  destroys  some  of  the  most  valuable  con- 
stituents present  in  the  petals.  As  previously  mentioned  the  oil  consists 
largely  of  geraniol,  citronellol,  and  allied  compounds  with  a  small  pn>- 
portion  of  their  esters,  as  well  as  about  20  per  cent  of  an  entirely  odorless 
waxy  hydrocarbon  belonging  to  the  paraffine  series.  Much  of  the  oil 
is  impure.     The  official  figures  show  the  importation  into  Bulgaria  of 
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quantities  of  products  that  may  l)e  used  as  adulterants  for  oil  of  rose 
and  the  export  of  a  great  deal  more  rose  oil  than  the  statistics  show  has 
been  produced. 

There  are  many  varieties  of  roses  but  only  two  of  these  are  conmiercially 
cultivatt^d.  Some  of  the  other  varieties  have  a  very  sweet  odor  but  are 
not  grown  for  perfumery  purposes.  Many  other  constituents  are  present 
in  these  members  of  the  rose  family.  In  order  to  produce  their  odors 
we  have  to  utilize  a  number  of  different  chemical  compoimds. 

Patchouly  Oil.  Oil  of  patchouly  is  an  illustration.  When  added 
to  rose  products  in  infinitesimal  proportion,  it  helps  to  duplicate  the 
peculiar  odor  of  the  white  rose.  The  patchouly  plant  is  principally 
obtained  from  the  Straits  Settlements  and  Java,  where  it  has  been  culti- 
vated so  long  that  it  has  almost  wholly  lost  the  habit  of  flowering.  The 
oil,  which  is  distilled  from  the  leaves,  increases  in  value  on  aging.  By 
chemical  methods,  the  oil  maj'  be  purified  and  the  undesirable  constit- 
uents which  have  a  moldy,  disagreeable  odor,  removed.  The  resulting 
products  can  be  used  wnthout  hesitation  in  the  finest  perfume  combina- 
tions, but  only  in  small  proportion  as  the  strength  is  enormous.  If 
employed  in  too  large  a  quantity  the  effect  will  not  l)e  agreeable. 

Sandalwood  Oil.  While  considering  Eiust  Indian  oils,  we  must  not 
overlook  oil  of  sandalwood,  which  has  been  known  for  many  years 
and  has  always  been  highly  esteemed  in  the  Orient.  Sandalwood  itself 
is  an  ancient  constituent  of  incense  and  the  trade  in  this  rare  wood  is 
so  valuable  that  it  has  been  monopolized  by  the  government,  auction 
sales  being  held  at  regular  periods  under  supervision  of  East  Indian 
officers.  Kut  little  of  the  wood  is  distilled  in  the  Indies,  the  greater 
part  is  exported  to  Europe  and  America  where  the  oil  is  produced  by 
modem  methods.  The  principal  portion  of  the  oil  is  known  as  santalol, 
a  rather  complex  chemical  substance  which  is  both  alcoholic  and  aldehydic 
in  nature  and  consists  of  a  number  of  distinct  chemical  individuals. 
Santalol  is  much  more  valuable  to  the  perfumer  than  sandalwood  oil 
because  it  represents  only  the  useful  portion  of  the  oil,  as  the  ill-smelling 
constituents  have  been  removed.  From  some  of  the  fractions  of  sandal- 
wood oil,  the  writer  succeeded  in  isolating  portions  which  have  odors 
almost  identical  with  certain  fractions  obtained  from  oil  of  patchouly, 
showing  that  these  oils,  produced  in  the  same  climate  by  a  tree  and 
herb  which  have  no  botanical  relation,  contain  similar  compounds. 

Cedar  Oil.  The  cedar-like  odor  of  oil  of  sandalwood  has  often 
led  to  its  adulteration  with  oil  of  cedar,  which  is  much  cheaper  and  may 
be  had  in  unlimited  quantities.  Much  cedarwood  oil  is  distilled  from  the 
sawdust  or  shavings  produced  in  manufacturing  lead  pencils.  A  finer 
grade  finds  a  limited  market,  being  used  in  microscopical  work. 

Jumper  Oil.  Cedar  is  a  member  of  the  Juniper  family.  Jimiper  berries 
and  their  oil  have  long  been  used  for  making  gin  and  for  flavoring.  The  ber- 
ries have  also  a  historical  interest  since  in  some  sections  of  Central  Europe, 


C22  INDUSTRIAL  CHEMISTRY 

the  custom  prevails,  when  a  death  occurs  in  a  house,  of  roasting  tht^ 
berries  in  a  red-hot  pan,  so  as  to  have  the  odor  diffused  throughout  the 
rooms.  Apparently  this  is  a  tradition  which  has  been  handed  do^ii 
from  pagan  times,  since  juniper  berries  formed  part  of  the  sacrificial 
offerings  of  the  early  Teutons. 

Turpentine   Ofl.     Juniper  oil  contains  a  considerable  proportion  ;ti 
terpene  and  this  brings  us  to  the  field  of  turpentine  and  allied  product-. 
Turpentine  is  a  widely  us<hI  solvent  and  is  l)econiing  scarcer  each  ytar. 
so  that  lately  even  the  old  stumps  have  \yeen  utilized  to  produce  a  clKap 
grade.     While  not  a  perfume  material,  the  oil  is  certainly  an  essential 
oil  and  it  also  serves  as  a  source  for  some  constituents  of  our  most  vahiti 
flower  odors.     Turpentine  may  be  hydrated,  forming  terpene  hydnitt. 
which  in  turn,  by  treatment  with  acids,  may  be  converted  into  terpintn*!. 
This  is  a  terpene  alcohol  which  exists  in  many  of  the  finest  flower  oil-. 
though  in  numerous  modifications,  widely  varying  in  physical  properti» ". 
optical  rotation,    l)oiling-point  and  melting-point    and  differing  ju^^t  a- 
widely  in  odor.     The  common  terpineol  much  used  as  a  soap  scent.  :^ 
a  syrupy  oil  looking  like  glycerin  and  is  not  adapted  to  finer  perfuiiitn. 
Purified    products,    however,    are    also    marketed    and   are   invalualu. 
(Muquet,  Aluquet  Ideal,  etc.)     Isomeric  modifications  of  teriMneol  n: 
present    in  lilac,  tuberose,  mimosa,  ylang  ylang,  lily  of  the  valley,  ai.-: 
many  other  exquisite  flower  oils. 

Ylang  Ylang  Oil.  Ylang  ylang  oil  has  long  been  one  of  the  most  vai  i- 
able  products  of  the  Philippines.  The  distilled  oil  is  a  very  complex  I'Kt^ly 
which  differs  considerably  from  year  to  year  and  according  to  the  nietii^-l 
of  production.  In  fact,  ylang  and  cananga,  a  cheaper  oil,  are  derive . 
from  the  same  tree.  The  l)est  ylang  ylang  oil  consis-ts  of  the  tiK 
portion  of  the  steam  distillate.  It  contains  a  larger  proportion  of  estt^r-. 
Many  of  the  chemical  bodies  that  we  have  described  are  present  in  tbi* 
oil,  therefore  it  is  a  fine  example  of  a  complex  natural  product.  ^ 
contains  })enzyl  alcohol,  benzyl  acetate,  benzyl  benzoate,  benzyl  salicylat''. 
methyl  anthranilate,  methyl  benzoate,  methyl  salicylate,  geraniol,  gerani'  i 
acetate,  linalool,  linalyl  acetate,  eugenol,  iso-eugenol,  metliyl  eugen< 
methyl  iso-eugenol.  This  list  while  long  is  by  no  means  complete,  a- 
number  of  allied  bodies,  especially  other  esters,  are  also  present.  E^iii 
all  these  together  will  not  give  the  right  odor,  until  the  characteri-ty 
constituent  is  added  which  converts  the  product  into  ylang  ylang.  Tl  - 
iKxly  is  the  methyl  ether  of  para-cresol,  which  is  enormously  jwwir::' 
and  therefore  must  l)e  used  with  great  care.  Traces  of  para-cresol  it<clf  j--  ' 
of  guaiacol  ethers  are  also  present  in  the  oil. 

Much  as  scie^nce  has  advanced  in  the  last  few  decades  we  must  app- 
ciate  that  organic  chemistry  is  still  in  its  beginning.     We  have  learn* 
a  great  deal.     We  have  found,  isolated,  and  reproduced  many  oi  *■ 
constituents  present  in  plants,  but  like  the  students  of  biolog}',  1^'^-     j 
powerful  microscopes  became  available,  we  wander  among  undreanini  < 
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wonders.     Let  all  students  interested  in  industrial  chemistry  remember 

a 

that  every  successful  advance  of  the  future  must  be  founded  on  Science. 
Let  us  all  assist  in  building  the  structure,  willingly  giving  our  best 
toward  the  ultimate  success,  even  if  our  individual  efforts  may  be  for- 
gotten in  years  to  come. 


RESINS,  OLEO-RESINS,  GUM-RESINS,  AND  GUMS 
ALLEN  ROGERS 

Source.  These  products  are  all  derived  from  exudations  of  plants 
and  as  a  rule  are  oxygenated  bodies.  When  mixed  with  certain  per- 
centages of  the  natural  essential  oil  accompanying  them,  they  are  known 
as  oleo-resins  or  balsan:,s.  If  mixed  with  mucilaginous  matter  they 
are  harder  and  known  as  gum-resins.  Ciums  are  amorphous  bodies 
which  are  either  soluble  in  or  gelatinize  with  water,  but  are  insoluV>lc 
in  alcohol.  True  resins  are  distinguished  from  gums  in  that  they  are 
all  insoluble  in  water,  free  from  odor  or  taste,  form  compact  masses, 
and  are  usually  of  an  aldehydic  or  acid  nature.  Fossil  resins  are  foun<l 
in  the  earth,  usually  in  the  form  of  irregular  lumps,  and  often  contain 
perfect  specimens  of  fossil  insects  and  leaves. 

Amber.  Amber  is  a  fossil  resin  occurring  as  small  masses  in  alluvial 
deposits  in  various  parts  of  the  world.  According  to  Goefert  it  repre- 
sents the  resinous  exudation  from  about  fiftj'  different  kinds  of  coniferou.'S 
trees.  It  is  found  chiefly  in  Prussia  along  the  shores  of  the  Baltic  where 
it  is  thrown  up  by  stomis,  or  in  some  localities  is  even  mined.  Lai^e 
deposits  also  occur  in  some  of  the  lakes  on  the  eastern  coast  of  Cour- 
land.  Small  deposits  have  Iwen  found  in  New  Jersey  and  Maryland, 
but  not  of  sufficient  magnitude  to  be  of  commercial  importance.  The 
largest  single  mass  of  amber  ever  reported  weighed  thirteen  pounds. 
It  is  usually  associated  with  lignite  and  often  contains  the  fossil  remains 
of  insects  and  vegetation. 

Amber  is  a  brittle  solid,  permanent  in  the  air,  and  is  susceptible  to 
a  very  high  polish.  B\'  application  of  friction  it  becomes  negatively 
electrified.  Its  color  is  usually  from  light  to  deep  brownish  yellow, 
although  it  sometimes  possesses  a  n'ddish  brown  or  bluish  color.  It 
is  tasteless  and  odorless  when  cold,  but  gives  off  a  peculiar  aromatic 
odor  when  heated.  It  is  generally  translucent,  though  sometimes  trans- 
parent or  opaque.  It  is  scarcely  acted  upon  by  water  or  alcohol.  "When 
heated  in  the  air,  it  softens  and  finally  melts  at  286°  C,  which  property 
makes  it  of  value  in  the  manufacture  of  varnish.  When  subjected  to 
dLstillation   several    products   result   among   them   being   succinic    acid, 


and  finds  extensive  application  in  the  manufacture  of  tobacco  pipe  stems 
and  articles  used  for  ornamental  purpose. 

Anirn^.  The  substance  known  a**  gwn  anime  is  a  resin  supposed 
to  be  derived  from  the  Hymenaea  cmirbani,  a  IcKuminoua  tree  of  South 
America.  The  resin  exudes  from  n-ounds  m  the  bark  and  is  also  found 
under  ground  between  the  principal  roots.  It  occurs  in  small  irregular 
pieces  of  a  pale  yellow  color,  sometimes  being  of  a  reddish  cast.  It 
softens  in  the  mouth,  and  when  in  a  powdery  condition  adheres  to  the 
fingers.  It  readily  melts  on  being  heated  givinp  off  an  agreeable  odor. 
It  consists  of  two  resins,  one  being  soluble  in  cold  alcohol  and  the  other 
insoluble,  and  a  small  amount  of  volatile  oil.  Anim^  was  formerly  used 
to  quite  an  extent  in  the  preparation  of  ointments  and  plasters;  but  at 
present  is  only  employed  as  incense  or  in  the  manufacture  of  varnish. 

Burgundy  Pitch.  When  incisions  are  made  in  the  Norway  fipruce 
a  sap  exudes  which  is  collected  in  small  troughs,  or  holes  dug  at  the 
foot  of  the  tree.  It  is  purifiet^l  by  filtering  through  straw  and  allowed 
to  harden,  subsequently  being  boiled  with  water  to  remove  the  volatile 
oil. 

Colofdiony  or  Common  Rosin.  This  product  is  obtained  in  the 
preparation  of  oil  of  turpentine  from  crude  turpentine.  The  latter  is 
an  oleo-resin  obtained  as  an  induced  exudation  from  the  pine  tree. 
The  sticky  viscid  liquid  or  crude  turpentine,  is  subjected  to  steam  dis- 
tillation whereby  about  17  per  cent  of  the  volatile  oil  of  turpentine  passes 
over,  leaving  a  resinous  matter,  or  rosin,  in  the  still.  Many  grades  of 
rosin  are  found  in  the  market,  being  distinguished  by  letters  (W.W.— 
water  white)  to  designate  their  purity.  It  is  also  quoted  as  virgin,  yellow 
dip,  and  hard.  In  its  purest  state  rosin  is  beautifully  clear,  pas-se.ssing 
a  yellow  color  with  an  olive  tinge.  This  is  obtained  from  the  first  runnings 
after  the  tree  is  "  boxed."  The  greater  part  of  the  rosin,  however,  comes 
under  the  head  of  yellow  dip,  which  is  obtained  by  distillation  of  crude 
turpentine-  The  hard  rosin  is  very  dark  in  color  and  is  obtained  from 
the  scrapings  after  the  juice  has  become  too  thick  to  run  into  tht^  l)ox. 

Kosin  is  heavier  than  water,  liaving  a  specific  gravity  of  1.070  to 
1.080;  it  is  easily  fusible,  l)Pcoming  soft  at  100°  C,  melts  to  a  liquid 
at  152.5°  C,  gives  off  bubbles  of  gas  at  157.5°  C,  and  is  decompased  at 
red  heat.  It  is  soluble  in  alcohol,  ether,  Ijenzol,  carbon  disulphide, 
acetic  acid,  fixed  or  volatile  oils,  and  in  solutions  of  potassium  or  -soiliimi 
hydroxide.  When  distilled  in  \'acuo,  rosin  undergoes  very  little  decom- 
position; hut  if  heated  in  a  retort  it  yields  gaseous,  liquid  and  solid 
decomposition  products.  That  portion  of  the  liquid  distillate  I)oiling 
below  360°  C.  is  known  as  rosin  xjn'rits;  resembling  turpentine  very  closely 
for  which  it  is  largely  used  as  a  substitute.  The  portion  distilling  aljove 
360°  C,  known  as  rosin  oil,  is  much  heavier  and  darker  than  rosin  spirit 
and  mu.st  be  purified  before  use.  This  purification  is  accomplished  by 
treatment  with  sulnhuric  acid,  followed  bv  lime  water  an<l  then  distillation. 


626  INDUSTRIAL  CHEMISTRY 

Copal.  This  is  a  resinous  substance  derived  from  the  exudation 
of  several  varieties  of  trees  indigenous  to  the  East  Indies  and  South 
America,  as  well  as  parts  of  Africa,  the  Philippine  Islands  and  other  places. 
The  giun  is  sometimes  taken  directly  from  deposits  on  the  tree  or  is  found 
imbedded  in  the  earth.  That  variety  of  copal  known  in  coEMnerce  a< 
gum  Zanzibar  is  found  usually  under  the  ground.  Another  variety 
with  indented  goose-flesh  surface,  known  in  the  English  market  as  anime. 
is  dug  from  the  earth. 

Copal  varies  in  appearance  and  properties  depending  upon  the  sourer* 
from  which  it  is  derived.  It  appears  in  roundish,  irregular,  or  flatti>h 
pieces,  often  with  a  rough  indented  surface  due  to  sand  impressions 
while  it  was  in  a  soft  condition.  In  color  it  ranges  from  colorless  to 
yellowish  browoi;  it  is  more  or  less  transparent,  very  hard,  odorless, 
tasteless,  and  has  a  specific  gravity  of  from  1.045  to  1.130.  It  is  insoluble 
in  alcohol,  partly  soluble  in  ether,  and  slightly  soluble  in  oil  of  turpen- 
tine. When  heated  it  melts,  giving  off  gases  to  the  amount  of  15  to 
20  per  cent  of  its  weight.  Its  properties  are  changed  by  this  treatment 
so  that  it  becomes  more  solul)le  in  alcohol,  ether,  and  oil  of  turpentine: 
which  characteristic  renders  it,  like  other  resins,  suitable  for  the  prep- 
aration of  varnish. 

Dammar.  This  is  a  resin  which  exudes  in  drops  from  a  coniferous 
tree,  Agathis  loranthiJoUa,  and  is  collected  after  it  dries.  It  is  soluble 
in  essential  oils,  in  benzol,  and  to  a  slight  degree  in  alcohol  and  ether. 
Owing  to  its  light  color  and  ready  solubility  in  turpentine  it  finds 
extensive  application  in  the  manufacture  of  light-colored  transparent 
varnishes. 

Dragon's  Blood.  This  is  a  resinous  substance  obtained  from  the 
fruit  of  several  species  of  small  palms  growing  in  Siam,  the  Molucca 
Islands,  and  other  parts  of  the  Eavst  Indies.  An  exudation  appears 
on  the  surface  of  the  ripe  fruit,  which  is  separated  by  rubbing,  by  shaking: 
in  a  bag,  by  exposing  to  steam,  or  by  decoction.  The  finest  product 
results  from  the  first  two  methods.  It  comes  on  the  market  in  two 
forms:  either  as  small  oval  drops  {tear  dragon's  blood)  covered  with  the 
leaves  of  the  plant  and  connected  in  a  row  like  beads;  or  in  c.ylindrieal 
sticks  eighteen  inches  long  and  about  half  an  inch  in  diameter,  covereil 
with  palm  leaves  and  bound  with  slender  strips  of  cane.  An  inferior 
product,  prepared  by  boiling,  the  fruit  in  water,  is  in  the  form  of  flat 
circular  cakes  icake  dragon's  blood). 

Dragon's  blood  is  odorless,  tasteless,  insoluble  in  water,  but  solublt* 
in  alcohol  and  ether,  also  soluble  in  the  volatile  and  fixed  oils,  forming 
red  solutions.     Its  principal  use  is  in  the  coloring  of  varnish. 

Elemi.  This  resin  is  obtained  by  making  incisions  into  the  trees, 
through  which  the  juice  flows  and  concentrates  on  the  bark.  Elemi 
ccmes  on  the  market  either  as  soft  (Manila  elemi)  or  hard  (Brazilian 
elemi)  being  of  various  colors  from  light  yellow  to  greenish  white.     It 
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is  soluble  in  alcohol  and  other  solvents,  its  chief  use  being  to  impart 
toughness  to  varnishes  made  from  harder  resins. 

Guaiacum.  This  resin  is  the  concrete  juice  of  the  tree  Guaiacum 
sanctum,  obtained  by  several  different  methods.  The  simplest  method 
is  that  of  spontaneous  exudation,  or  by  making  incisions  in  the  trunk. 
Another  method  is  to  saw  the  wood  into  blocks  boring  holes  in  them 
longitudinaUy;  placing  one  end  of  the  block  in  the  fire  and  collecting 
the  melted  resin  which  flows  out  at  the  opposite  end.  The  plan  most 
commonly  used,  however,  is  to  boil  the  chips  and  sawdust  with  a 
solution  of  conmion  salt,  and  skim  oflf  the  substance  which  rises  to  the 
surface.  Guaiac  appears  in  the  market  as  irregular  lumps  often  mixed 
with  small  fragments  of  bark  and  sand.  The  purest  form  comes  in  small 
lumps,  "  tearsj^'  which  result  from  natural  or  induced  exudation. 

Kauri.  This  is  an  amber-like  resin,  varying  from  light  cream  to 
brownish  yellow  in  color.  It  is  the  result  of  exudation  from  the  tree 
Agaihis  australis,  and  is  dug  in  large  quantities  from  the  ground  in  New 
Zealand.  It  is  used  very  extensively  in  varnish  making  and  like  copal 
must  be  first  heated  or  *'  run  "  before  it  becomes  soluble  in  oils. 

Lac.  This  is  a  resinous  substance  obtained  from  several  varieties 
of  trees  growing  in  the  East  Indies,  especially  from  Croton  laccifera. 
The  lac  is  found  in  the  form  of  a  crust  surrounding  the  twigs  and  is 
supposed  to  be  an  exudation  from  the  bark  caused  by  the  sting  of  an 
insect,  coccu^  lacca.  Some  authorities  believe  that  the  exudation  comes 
from  the  bodies  of  the  insects  themselves,  which  become  imbedded  in 
great  numbers  in  the  concreted  juice,  through  which  the  young  eat  their 
passage  and  escape.  Among  the  several  varieties  of  lac  met  with  in 
commerce  are  stick-lac ^  seed-lac,  and  shellac. 

Stick-lac.  This  is  the  resin  as  it  is  taken  from  the  tree  with  the 
encrusted  resin  surrounding  the  twigs.  It  is  of  a  deep  reddish  brown 
color,  odorless,  and  possessing  a  bitter  taste.  The  surface  is  perforated 
with  a  large  number  of  minute  holes,  which,  when  broken,  exhibit  oblong 
cells  often  holding  a  dead  insect.  When  placed  in  the  mouth  it  colors 
the  saliva  a  beautiful  red  and  imparts  the  same  color  to  warm  water. 

Seed-lac.  This  consists  of  small  irregular  fragments  which  have 
been  broken  from  the  twigs  and  partially  washed  with  water.  It  varies 
in  color  from  light  to  dark  brown,  is  odorless,  almost  tasteless,  and 
imparts  only  a  slight  color  to  the  saliva. 

Shellac,  This  is  the  fonn  of  lac  with  which  we  are  the  most  familiar 
and  results  from  the  melting  of  stick-lac  or  seed-lac,  which  has  previously 
been  washed  free  from  its  soluble  coloring  matter,  and  pouring  it  on  a 
smooth  flat  surface  to  harden.  A  description  of  the  native  operation 
as  given  by  Valentine  Ball  ^  is  quoted  below: 

"  The  stick-lac  is  first  placed  between  two  powerful  rollers,  which,  by 
a  simple  arrangement,  admit  of  any  degree  of  approximation.    The  lac 

'  "Jungle  Life  in  India,"  N.  R.,  June,  1880. 


IS  thus  cnislietl  and  separated  from  the  woody  portion  by  screenmE; 
it  is  next  placed  In  lai^e  tidis  half  full  of  water  and  is  washe<l  by  thi: 
coolies,  luale  or  female,  who,  standing  in  the  tub,  and  holding  to  a  bar 
above  with  their  hands,  stamp  and  pivot  al}out  on  their  heels  and  toes 
until,  after  a  succession  of  changes,  the  resulting  liquor  comes  off  clear. " 
The  disposal  of  the  liquor  drawn  off  at  the  successive  washings  will  Iw 
spoken  of  farther  on.  "  The  lac,  having  been  dried,  is  placed  in  long 
cylindrical  bags  of  cotton  cloth  of  medium  texture  and  about  ten  f«'t 
long  by  two  inches  in  diameter.  These  bags  when  filled  have  the  appear- 
ance of  enormous  bolc^na  sau.-sages.  They  are  taken  to  an  apartment  where 
there  are  a  numlx>r  of  charcoal  furnaces.  Before  each  of  these  are  om^ 
principal  operator  and  two  assistants.  The  fonner  grasps  one  end  of 
the  long  sausage  in  his  left  hand  and  slowly  revolves  it  in  front  of  the 
fire  and  at  the  same  time  one  of  the  assistants  twists  in  the  opposile 
direction.  The  roasting  before  the  glowing  charcoal  soon  melts  the  lac, 
and  the  twLsting  of  the  cloth  causes  it  to  drop  into  a  trough  formed  of 
the  leaves  of  the  American  aloe.  When  a  sufficient  quantity  in  a  molten 
condition  is  ready  in  the  trough,  the  operator  takes  it  up  in  a  wooden 
spoon  anti  places  it  in  a  wooden  cylinder  some  eight  or  t«n  inches  in 
diameter,  the  upper  half  of  which  is  covered  with  sheet  brass.  The 
stand  which  supports  the  cylinder  gives  it  a  sloping  direction  away  front 
the  operator.  The  other  assistant  by  means  of  a  strip  of  aloe,  with  a 
rapid  and  dexterous  motion,  spreads  out  the  lac  into  a  sheet  of  uniform 
thickness  which  covers  the  upper  portion  of  the  cylin<ier.  The  operator 
now  cuts  off  the  upper  edge  with  a  pair  of  scissors  anil  waves  it  aI>out  in 
the  air  till  it  l>ceomes  crLsp."  The  sheets  made  in  this  manner 
break  easily  and  thus  fonn  little  flakes  or  shells  which  gives  the  naim^ 
shellac. 

"  The  dark  red  liquor  resulting  from  the  washing  above  descrilicil 
is  strained  to  remove  foreign  matter.  It  is  then  passed  into  vat-s  and 
the  suspended  matter  is  allowed  to  settle  out,  which  is  then  washed, 
pressed,  and  comes  on  the  market  as  Lac-dye." 

Lac  is  partly  soluble  in  alcohol,  forming  a  cloudy  liquid,  largely  usiil 
as  a  varnish  under  the  name  shellac  varnish,  Lac  is  also  soluble  in 
alkaline  and  borax  solutions  in  which  condition  it  is  employetl  a-*  a 
stiffening  for  hats,  in  the  finishing  of  leather,  and  for  other  purport's. 
Shellac  is  readily  bleached  by  treatment  with  alkaline  hypot'hloriles 
or  by  treating  the  alkaline  solution  with  chlorine  gas.  The  lac  is  pn'- 
cipitated  by  neutralizing  the  alkali  and  is  then  melted  in  hot  water  and 
"  pnlled  "  which  makes  it  api>ear  whiter  and  easier  to  handle. 

Mastic.  This  is  a  resinous  exudation  from  the  Pistada  kntiscu^. 
a  tree  cultivated  in  the  Grecian  Archipelago.  Incisions  are  made  in  the 
trunk  and  large  branches,  from  which  the  juice  on  exuding  either  hardens 
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up  to  about  90  per  cent,  and  is  used  to  quite  an  extent  in  the  preparation 
of  spirit  varnish. 

Sandarac.  This  resin  resembles  mastic  very  closely  and  comes  on 
the  market  in  the  form  of  tears.  It  is  more  soluble  in  alcohol,  however, 
and  is  employed  largely  in  the  preparation  of  transparent  varnish. 

Oleo-Resins.  The  most  important  members  of  this  class  of  compounds 
are  Benzoin,  Peru,  Tolu,  and  Storax,  They  are  all  mixtures  of  resins 
with  essential  oils,  and  consequently  have  a  much  softer  consistency 
than  the  resins.  They  are  used  especially  in  pharmacy  and  having 
practically  no  industrial  application  will  not  be  considered  m  detail 
in  this  chapter. 

Gum-Resins.  The  more  important  meral)ers  of  this  class  are  Ammonia- 
cum,  Asafoeiida,  Ewphorhium,  Galbanum,  Gamboge ,  and  Myrrh,  They 
are  mixtures  of  gmns  and  resins,  form  emulsions  with  water  and  are  all 
largely  used  in  pharmacy,  gamboge  being  also  employed  as  an  orange 
red  pigment. 

Acacia.  Both  Gum  Arabic  and  Gum  Senegal  are  included  under  this 
head,  as  they  are  derived  from  plants  of  the  acacia  family  usually  found 
in  Africa.  It  forms  lumps  of  various  size  with  color  ranging  from  white 
to  reddish  bro\ATi.  It  is  soluble  in  both  cold  and  hot  water  and  is  used 
in  the  preparation  of  emulsions,  in  thickening  ink,  in  water  colors,  textile 
printing,  sizing  cloth,  and  in  the  preparation  of  mucilage. 

Agar-Agar.  This  is  also  known  as  Bengal  isinglass  and  Japan  isinglass. 
It  is  derived  from  certain  algae  from  which  it  is  obtained  by  boiling  in 
Avater.  It  comes  on  the  market  as  long  white  masses.  It  is  used  as  a 
sizing  for  cloth  and  as  a  culture  medium  for  bacteria. 

Iceland  Moss  and  Irish  Moss.  These  are  derived  from  a  form  of  sea 
weed  which  on  boiling  with  water  produces  a  jelly  much  used  in  the 
textile  and  leather  industries  as  well  as  for  edible  purposes. 

Tragacanth.  This  is  a  gummy  exudation  from  Astragalus  gummifer. 
It  is  odorless,  nearly  tasteless,  and  of  a  very  light  yellowish  to  white 
color.  It  usually  comes  into  the  trade  in  a  flaky  condition.  Placed  in 
water  it  absorbs  a  certain  amount  and  swells  up  very  much,  forming  a 
soft  adhesive  paste.  If  the  paste  is  agitated  with  more  water,  it  forms 
a  uniform  mixture,  which,  however,  will  settle  out  on  standing  as  only 
part  of  the  gum  goes  into  solution.  It  is  largely  used  in  calico  printing 
and  for  other  purposes  where  an  adhesive  is  required. 

Caoutchouc  or  India  Rubber.  India  rubber  is  the  coagulated  product 
obtained  from  the  milky  juice  of  a  large  number  of  trees,  creepers,  and 
shrubs,  native  of  nearly  all  tropical  countries;  although  the  finest  grades 
(Para  rubber)  come  from  South  America.  The  juice  is  collected  during 
the  months  of  July,  August,  October,  and  November.  It  is  coagulated 
by  exposure  in  thin  layers  to  the  smoke  of  burning  palm  nuts;  or  it  is 
boiled  with  water,  or  with  dilute  acid,  salt  water,  or  lye;  alum  is  sometimes 
added  when  the  product  becomes  wet  and  porous. 


630  INDUSTRIAL  CHEMISTRY 

PurificatiiMl.  As  rubber  comes  on  the  market  it  is  very  impure, 
containing  water,  sand,  fibers,  wood,  and  various  other  materials.  These 
impurities  are  removed  by  a  washing  process  which  is  carried  out  in 
strong  machines  built  for  the  purpose,  consisting  of  corrugated  rollers. 
which  flatten  the  lumps  into  thin  sheets  thus  aiding  in  the  washing 
process.  The  sheet  rubber  thus  obtained  is  dried  very  thoroughly  by 
hanging  in  a  warm  room  for  several  weeks.  Good  Para  rubber  loses 
about  15  per  cent  of  its  weight  by  this  washing  process,  while  some 
inferior  grades  sustain  a  loss  as  high  as  40  per  cent. 

Properties  of  Rubber.  India  rubber,  in  its  highest  state  of  purit3'. 
is  practically  colorless,  but  darkens  on  exposure  to  air  and  light.  The 
commercial  product,  however,  is  nearly  black,  due  to  discoloration  by 
smoke  produced  during  the  process  of  coagulation.  It  is  insoluble  in 
water,  but  absorbs  about  25  per  cent  on  prolonged  immersion.  It  i< 
sticky  so  that  its  freshly  cut  surfaces  will  unite  again  very  firmly.  Dilute 
acids  and  alkalies  are  without  action  upon  it,  but  strong  acids  an^l 
chlorine  rapidly  destroy  it.  Rubber  is  a  very  elastic  substance  at 
ordinary  temperatures,  but  if  heated  it  becomes  sticky  and  loses  its 
elasticity  at  about  120°  C,  finally  melting  at  150°  C.  It  is  very  soluble 
in  carbon  disulphide  and  chloroform,  and  to  a  limited  extent  in  ether,  oil 
of  turpentine,  benzol,  and  naphtha. 

Compounding.  For  manufacturing  purposes  the  crude  washed  tuIjIht 
is  mixed  with  various  materials.  The  operation  is  carried  out  in  a  mixing 
mill,  which  consists  of  a  pair  of  smooth,  hollow  iron  rollers,  one  of  whicli 
is  heated  by  steam  to  a  temperature  of  about  80°  C.  Th?  materials 
which  arc  to  be  incorporated  may  he  vulcanizing  agents,  coloring  matt<T. 
fillers,  inerts,  weighting  materials,  rubber  substitutes,  or  cheap  gums. 
The  mixing  and  grinding  are  here  carried  on  until  a  homogeneous  iiias^ 
is  obtained,  which  can  then  l)e  worked  into  any  form  desired.  As 
unvulcanized  rubl)er  is  very  sticky  it  is  necessary  to  dust  the  frt»sh 
surfaces  with  talc  or  starch  to  prevent  adhesion. 

Vulcanization.  As  natural  rubber  is  greatly  affected  by  change  of 
temperature  it  is  imj)ossible  to  use  it  for  many  purposes,  but  owinp;  to 
the  discovery  of  vulcanization  these  difficulties  are  obviated  and  we 
have  a  product  which  is  of  the  greatest  value  to  mankind.  This  process 
is  brought  about  by  means  of  the  chemical  change  produced  when  the 
rubber  is  heated  with  sulphur,  metallic  sulphides,  and  metallic  oxidt*s. 
The  process  most  generally  employed  is  to  incorporate  from  7  to  10  |x*r 
cent  of  sulphur  with  the  masticated  rubber,  using  every  precaution 
to  see  that  the  ingredients  form  a  homogeneous  mass.  It  is  in  this  con- 
dition that  the  mixture  is  wrought  into  sheets,  tubes,  shoes,  or  other 
desired  shape  ready  for  the  heat  treatment.  The  goods  are  next  put 
into  a  hermetically  sealed  boiler  where  the  steam  is  injected  under  a 
pressure  of  from  50  to  60  lbs.;  three  to  four  hours  being  necessar^'^  for 
the  complete  vulcanization.    When  it  is  desired  to  retain  the  brilliancy 
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of  the  product,  stoves,  which  are  heated  to  a  temperature  of  130-150°  C. 
are  used  in  place  of  the  boilers.  Whether  stoves  or  boilers  are  employed, 
the  same  chemical  action  takes  place  and  the  sulphur  is  uniformly  dis- 
tributed throughout  the  mass. 

Parks'  Process.  This  process,  discovered  by  Alexander  Parks 
(British  patent  11,147;  1846),  consists  in  treating  the  rubber  with 
sulphur  monochloride  in  the  cold  and  is  very  wndely  used,  especially  for 
vulcanizing  small  thin  articles.  The  objects  to  be  vulcanized  are 
immersed  from  one-half  to  three  minutes  in  a  solution  consisting  of 
2-2  lbs.  of  sulphur  monochloride  dissolved  in  100  lbs.  of  carbon  disulphide. 
On  removal  from  the  bath  the  goods  are  dried  at  a  temperature  of 
about  25°  C.  (77°  F.),  again  immersed  for  one  minute,  washed  with 
dilute  sodium  carbonate,  then  with  water,  and  finally  dried.  With 
slight  changes  only,  the  method  is  still  being  used  as  indicated  in  the 
original  patent.  Vulcanization  destroys  the  adhesive  property  of  rubber^ 
but  renders  it  much  more  elastic. 

Loading.  Many  substances  such  as  barytes,  litharge,  clay,  chalk, 
and  other  materials  are  sometimes  added  to  rubl^er  during  the  mixing 
process  which  act  as  fillers.  These  materials,  however,  are  only  used  on 
inferior  grades. 

Rubber  Substitutes.  The  increasing  demand  and  high  price  of  rubber 
has  stimulated  many  investigators  to  try  to  find  some  natural  or  artificial 
product  having  analogous  properties.  The  result  of  this  work  has  been 
that  we  now  find  a  large  number  of  rul)ber  substitutes  on  the  market. 
( 'laims  have  also  recently  l)een  made  that  it  is  possible  to  make  true  syn- 
thetic rubber.  The  n)ost  common  rubber  substitutes  are  made  by 
acting  upon  linsinnl  or  some  other  vegetable  oils  with  sulphur  mono- 
chloride. The  proportion  of  100  parts  of  oil  to  25  of  chloride  gives  the 
hardest  product,  while  less  amounts  of  sulphur  monochloride  give  a 
s()ft(T  material.  These  sulphurized  oils  are  usually  mixed  with  low- 
grade  ru})ber  and  coal  tar  or  resins;  being  sometimes  employed  even 
without  any  rubber. 

.  Reclaimed  Rubber.  In  the  manufacture  of  rubber  goods  it  is  very 
ess(»ntial  that  some  means  should  be  provided  to  use  up  the  waste 
material  such  as  scraps,  condemned  or  defective  articles,  as  well  as 
rubber  which  has  become  unfit  for  further  use.  Among  the  oldest  and 
most  widely  employed  method  is  that  of  (ioodyear's,  which  consists  in 
reducing  the  waste  to  a  finely  divided  state,  mixing  with  nonnal  rubber 
and  sulphur,  and  heating  for  several  hours  under  heavy  pressure.  The 
reclaimed  rubber  has  very  little  strength  and  is  used  only  in  connection 
with  fresh  gum. 

Application  of  Rubber.  Rubber  is  a  substance  which  finds  a  very 
extensive  application.  Among  the  most  common  uses  may  be  men- 
tioned: Rubber  shoes,  rubber  boots,  overshoes,  rubber  coats,  rubber 
hats,  l)icycle,  carriage,  and  automobih*  tires,  hose,  cements,  varnishes, 


tubing,   bottles,   brush   handles,   combs,   et>onite,   and  a  score  of  other 
iises. 

Gutta-percha.  This  product  is  obtained  from  the  latex  of  the  tree 
Dichopsis  gutta  which  grows  native  in  the  East  Indies.  It  is  isolated 
by  grinding  the  bark  and  leaves  by  which  method  the  little  sacs  are 
ruptured.  The  grinding  takes  place  under  water  so  that  the  chips  and 
sand  may  be  readily  removed.  The  plastic  mass  of  gutta  percha  collect.s 
in  the  vessel  and  on  removing  may  be  rolled  out  into  sheets.  For  many 
purposes  gutta  percha  is  used  alone,  while  in  other  cases  it  is  mixed  with 
rubber. 


/  A.  H.  SABIN 

Coiis'iUing  Chemitl,  Nalional  Lead  Co.,  Ledurer  on  Paint  arid  Vamieh,  Ketn  York  I'ni- 
vertily,  Keu-  Yorh  Ciiij 

Definition.  Varnish  is  a  liqui<l,  designed  to  form  films  to  cover 
Ktirfacea,  which  on  exposure  to  the  air  hardens  and  forms  a  more  or  less 
transparent  antl  glossy  coating  which  Improves  or  hetter  displaj's  the 
surface  to  which  it  is  attached  and  to  some  degree  protects  it  from  dirt 
and  injury. 

Classes  of  Vamisli.  VamLshea  may  lie  divided  into  two  classes: 
those  which  harden  by  evaporation  of  the  solvent;  sucli  are  spirit- 
varnishes;  and  those  which  absorb  oxygen  from  the  air  and  by  chemical 
changes  are  made  into  hard  films;  these  are  oleo-resinous  varnishes, 
and  constitute  tlie  lai^est,  most  important  and  varied  kind,  used  for 
a  great  variety  of  purposes. 

Spirit  Varnish.  Spirit  varnishes  consist  of  suitable  .solids,  dis- 
solved in  volatile  solvents; the  most  important  is  shellac,  which  may  be 
regarded  as  tj-pical.  It  consists  of  shellac  resin  dissolved  in  alcohol, 
and  when  spread  out  in  a  film  the  alcohol  evaporates,  leaving  the  resin 
as  a  thin  layer  over  the  surface  to  which  the  varnish  has  been  applied. 
It  will  be  evident  that  the  alcohol  has  served  practically  as  a  mechanical 
means  of  spreading  the  resin  in  a  thin  and  uniform  film;  its  cost  is  to 
\w  added  to  that  of  the  lalwr,  and  the  u.se  and  wear  of  utensils,  ref|uired 
in  applying  the  varnish,  as  all  that  we  have  at  the  end  of  the  work  is  the 
fihn  of  resin. 

Shellac  Vamish.  Gum-shellac,  as  the  shellac  resin  is  called,  is  usually 
in  thin  elastic  flakes  of  a  yellow  or  reddish  or  brownish -yellow  color. 
Put  a  gallon  of  alcohol  in  a  clean  eartlienware  jar  of  two  gallons  capac- 
it.\-;  at  the  close  of  the  day's  work  gently  dn)p  into  this  three  or  three 
antl  a  half  pounds  of  flake  shellac,  without  the  slightest  avoidable  agi- 
tation; cover  and  let  stan<l  until  the  next  day.  Then  with  a  clean 
wooden  rotl  stir  it  for  a  few  minutes,  and  during  the  day  stir  it  for  a 
minute  at  a  time  once  an  hour  or  so,  and  before  night  it  will  be  dissolved. 
That  is,  the  resin  will  l>e  dissolved;  but  shellac  naturally  contains  a 
little  wax  (4  per  cent)  which  is  insoluble  and  makes  the  solution  milky 


or  muddy  and  opaque;  tlio  film  is,  however,  transparent.  Shellac  may 
be  bleached  by  dissolving  it  in  an  alkaline  aqueous  solvent  and  then 
treating  it  with  chlorine;  the  shellac  precipitates  when  the  alkalinity 
is  removed,  and  is  white.  This  is  dried  and  looks  much  like  pieces  of 
white  candy;  it  cannot  be  tUssolved  in  the  manner  deacrilied,  as  it  is 
in  lumps  and  sinks  to  the  bottom ;  it  is  therefore  dissolved  by  agitation, 
usually  in  a  revolving  barrel  or  churn;  this  is  indeed  the  way  orange  shellac 
is  made  on  a  large  scale.  The  latter  is  soluble  in  85  per  cent  alcohol, 
though  it  b  more  satisfactory  to  use  stronger;  but  white  shellac  already 
contains  some  water  and  requires  95  per  cent  alcohol. 

Insoluble  Shellac.  White  shellac  is  liable  to  pass  into  a  modified 
form  insoluble  in  alcohol;  this  especially  is  likely  to  occur  if  heated 
above  onlinary  temperatures  or  if  kept  in  a  dry  place  too  long.  For 
some  purposes  it  is  desirable  to  get  rid  of  the  five  to  ten  per  cent  of  wat-er 
in  white  shellac  before  dissolving  it;  it  is  spread  on  trays  in  a  dr>Tng  room, 
but  not  heated  very  much;  it  is  better  to  use  artificially  dried  air  at 
ordinary  temperatures;  in  any  case  it  must  i>e  dissolvetl  as  soon  as 
possible. 

Shellac  varnish  dries  by  the  evaporation  of  the  solvent,  and  appears 
to  dry  almost  immediately;  but  some  of  the  liquid  is  retained  for  a  time, 
and  it  is  not  practicable  to  apply  many  coats  in  rapid  -succession,  or  it 
will  be  found  that  the  whole  has  a  waxy  character,  persistent  and 
troublesome.  Varnish  ma<le  with  "  denaturized  "  alcohol  is  especially 
slow  to  dry;  commercial  wood  alcohol  is  much  better. 

Damar  Varnish.  Alcohol  is  not  the  only  solvent  u-*e<l  in  making 
spirit  varnishes.  Damar  varnish  is  damar  resin  dissolved  in  spirit  of 
turpentine,  and  dries  by  the  evaporation  of  the  latter.  Both  this  and 
shellac  are  often  adulterated  with  common  rosin,  or  colophony.  Damar 
may  be  dis.solved  cold,  in  a  chum;  some  pulverize  it  before  dissolving; 
or  make  it  with  the  aid  of  heat,  preferably  in  a  steam-heated  vessel. 
The  varnish  is  a  milky  liquid,  but  may  be  cleared  by  filtration  or  other- 
wi.se.  If  made  hot  it  can  lie  cleared  more  eai^ilj'.  Five  or  six  pouud.'^ 
of  resin  are  dissolved  in  one  gallon  (TJ  lbs.)  of  spirit  of  turpentine. 
The  film  is  transparent  and  practically  colorless. 

Mastic  and  Sandarac  Varnish.  Sandarac  is  another  resin  usually 
dissolved  in  spirit  of  turpentine;  another  is  mastic;  both  are  also  mostly 
.soluble  in  alcohol.  Amyl  and  methyl  alcohols  are  for  some  resins 
better  solvents  than  ethyl  alcohol;  and  acetone  added  to  alcohol  greatly 
increa.ses  its  solvent  power. 

Petroleum  benzine  is  very  commonly  added  to  turpentine  to  cheapen 
it;  it  has  the  advantage  of  evaporating  more  readily  and  perfectly,  an*l 
some  of  the  heavier  grades  are  for  many  purposes  equal  and  perhaps 
superior  to  turpentine. 


VARNISH 

it  with  nitric  acid,  making  cellulose  nitrates  of  various  compos 
The  principal  solvent  is  amyl  acetate,  which  may  be  extended  or  c 
with  various  liquids,  as  benzole,  which  have  no  real  solvent  acti 
the  pyroxylin,  but  do  not  inhibit  the  solvent  action  of  the  amyl  ac 
differing  in  this  respect  from  the  action  of  water  on  alcohol.  Pyr 
films  are  somewhat  hard  and  stiff,  an(i  may  be  made  more  flexifc 
adding  a  fixed  oil,  as  castor,  cotton,  or  linseed,  to  the  solution. 

Lacquer.    Spirit  varnishes  are  often  called  lacquers,  and  are 
times  colored  by  aniline  or  other  dyestuffs.     Both  asphaltum  and 
tar  pitch  are  soluble  in  turpentine  and  benzine,  or  coal-tar  nap 
and  are  used  as  spirit  varnishes;    but  more  often  with  the  additi 
oil.     Rosin  is  almost  always  added  to  asphaltum,  but  not  necessarily 

Oleoresinous  Varnishes.  The  greater  part  of  the  varnish  ma 
compounded  of  oil,  resin,  and  spirit  of  turpentine,  and  is  of  great  vj 
of  composition  and  uses.  Almost  all  the  oil  used  is  linseed.  A 
tung,  or  Chinese  wood  oil  is  used,  but  inconsiderable  in  amount  as 
pared  with  linseed.  This  oil  is  usually  subjected  to  some  prelim 
treatment;  it  is,  as  purchased  from  the  makers,  well  settled  and  fill 
and  free  from  cloudiness;  it  may  be  remarked  that  a  mere  trace  of  ^ 
causes  a  cloud,  and  the  not  uncommon  belief  that  oil  must  be  free< 
some  treatment,  from  water  and  "  mucilage  '*  is  a  mistake,  as  c 
ordinary  good  quality  is  quite  free  from  such  things. 

Breaking.     Freshly-made  oil,  if  heated  to  400''  F.,  suffers  a  slight  | 
tial  decomposition;  gelatinous  clots  appear  in  it,  and  it  is  said  to  **bre 
this  is  due  to  the  phosphates  it  contains,  and  any  treatment  which 
destroy  these  will  prevent  its  "  breaking."     A  common  way  is  to   ; 
with  agitation,  a  little  sulphuric  acid;   the  oil  is  afterward  washed   ' 
water,  and  is  found  to  be  bleached  somewhat;   it  may  be  bleached  : 
by  agitating  warm,  with  fuller's  earth,  and  filtering;    but  not  all 
color  can  be  removed  by  any  known  means.     What  is  known  as  "van 
oil  "  has  been  treated  in  some  way  so  that  it  does  not  break;    ai  • 
such  oil  is  heated  quickly  to  about  500°  F.  and  cooled,  it  is  found  t 
considerably  bleached.     This  is  a  common  practice.     Sometimes  a   . 
little  of  some  lead  or  manganese  compounds  are  added  before  doing  : 
It  is  usually  put  through  some  such  treatment  and  allowed  to  s 
for  a  month  or  more  before  being  used  in  varnish. 

Weight  of  Oil.  A  gallon  of  linseed  oil  weighs  7.75  lbs.;  but  in  se 
oil  by  the  barrel  or  larger  quantities  it  is  a  commercial  practice  to 
7.5  lbs.  a  gallon,  so  that  in  buying  it  one  gets  about  3  per  cent  less  in 
than  the  nominal  amount.  No  charge,  however,  is  made  for  the  hu 
— an  oil-barrel  is  usually  a  50-gal.  cask — the  value  of  which  is  usu 
more  than  the  1^  gallons  lacking.  In  making  paint  or  varnish  the 
weight  or  measured  gallon  is  always  the  unit. 

Resins.    Asphaltum  is  a  mineral,  but  practically  all  the  resins  i; 
in  varnish  are  of  vegetable  origin,  and  most  of  them  from  tropical 
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8ul>tropical  countries.  They  exude  from  trees,  where  the  bark  is  injured, 
and  form  lumps  varying  in  size  from  very  small  pieces  up  to  masses 
of  many  pounds  weight.  In  a  few  cases  resin  which  is  collected  from 
living  trees  is  used;  but  for  the  most  part  the  varnish  resins  are  dug  up 
from  the  ground,  the  trees  having  fallen  and  decayed,  and  the  lumps 
of  resin  having  become  buried,  sometimes  as  much  as  six  feet  below  the 
surface.  Having  for  many  years  l>een  thus  buried  they  have  imdergon<^ 
change,  become  harder  and  better  suited  for  use.  After  being  dug  up, 
cleaned,  and  sorted,  the  resin  is  packed  in  boxes  or  bags,  and  in  this  con- 
dition market  resins  are  bought  at  prices  ranging  from  about  75  cents 
per  pound  for  the  choicest  sorts  to  as  little  as  5  cents  per  pound  for  some 
inferior  kinds.  Probably  a  fair  average  price  (1911)  would  be  about 
30  cents.  The  valuable  qualities  are  clearness,  hardness,  high  melting 
point,  pale  color,  luster,  and  perfect  solubihty,  after  melting,  in  oil. 
As  a  rule  these  resins  are  not  solul)le  in  oil  or  in  spirit  of  turpentine  or 
benzine;  but  after  melting  they  are  found  to  be  so  changed  that  they 
dissolve  in  hot  oil. 

Melting  Resins.  Most  of  them  require  a  temperature  of  550  to 
650°  F.  to  melt  them  properly,  and  in  melting  they  lose  10  to  25  per 
cent  of  their  weight;  some  species  lose  more  and  some  less;  the  Ix^t 
and  hardest  resins  lose  about  25  per  cent.  If  this  is  done  in  the  lal^ 
oratory  with  proper  precautions  it  ^vill  be  found  that  the  temperature 
of  the  melted  mass  is  much  higher  than  that  of  the  vapor,  showing  that 
chemical  decomposition  has  occurred.  All  light-colored  resins  darken 
on  melting,  some  more  than  others.  The  greater  part  of  the  distillate 
can  be  condensed  to  a  liquid;  this  is  not  done  in  this  countrj^  but  in 
England  and  Europe  it  is  common,  parti}'  because  by  refining  the  liquid 
may  be  made  use  of  as  a  turpentine  substitute,  and  partly  because  it 
prevents  the  escape  of  gases  which  may  be  thought  objectionable  in 
residence  sections  of  cities. 

Copal.  Copal  is  a  popular  or  trivial  name  applied  to  varnish  resins, 
about  as  indefinite  in  its  meaning  as  the  term  "  metal."  It  was  originally 
a  Central  American  native  word,  and  was  applied  to  any  resin.  It 
is  now  used  only  for  varnish  resins,  but  does  not  designate  any 
particular  sul)stanco.  In  the  varnish  factory  resins  are  commonly  calle<l 
"  gums,"  altliough  true  gums,  such  as  gum-arabic,  are  water-soluble. 
Colophony  is  always,  and  correctly,  called  rosin,  and  is  never  spoken  of 
as  a  gum.     (Jum-varnishes  mean  oleo-resinous  varnishes  free  from  rosin. 

Varnish  Nomenclature.  One  hundred  pounds  of  resin  is  the  con- 
ventional unit,  and  varnishes  arc  clescril)ed  as  containing  so  many  gallons 
of  oil  to  this  100  lbs.  of  resin,  weighed  before  melting.  Thus  a  20-gal. 
Kauri,  or  20  K,  is  a  varnish  made  from  100  ll)s.  Kauri  resin,  20  gals, 
linseed  oil,  and  (probably)  30  gals,  spirit  of  turpentine,  the  amount  of 
the  latter  not  being  mentioned.  The  grade  of  resin  may  also  be  mentioned; 
thus,  **  20  Brown  3  half  benzine  "  would  be  100  lbs.  Kauri  of  the  grade 


known  as  No.  3  Brown  Kauri,  20  gals,  oil,  15  gals,  spirit  of  turpentine 
(turps  for  short),  and  15  gals,  benzine.  This  is  a  fairly  accurate  descrip- 
tion and  any  varnish-maker  would  recognize  it.  100  lbs.  of  any  resin 
counts  for  about  6  or  GJ  gals,  in  the  batch;  turps  weighs  7.2  lbs.  and 
benzine  a  little  more  than  six  ll>8.  per  gal.     So  this  would  figure  as  follows: 

100  llw.  resin  =75  Il)s.   =  0  gals. 

20  gals,  oil  =  154  lbs.  =  20  gals. 

15  gals,  turps  =  108  IIjs.  =  15  gals. 

15  gals,  benzine  =  90  lbs.  =  15  gals. 

427  lbs.  =56  gals. 

Actually  it  will  be  more  like  420  lbs.  =  55  gals.,  because  at  least  a 
gallon  of  the  thinner  will  be  lost  by  evaporation. 

Linozyn.  When  linseed  oil  is  exposed  to  the  Mr,  either  by  blowing 
air  through  it  or  by  exposure  in  tliin  films,  it  is  changed  into  an  ela.stic 
substance,  not  sticky  or  greasy  to  the  touch.,  called  lino.'cyn.  This  Ls 
an  oxidation  product,  and  weighs  considerably  more  than  the  original 
oil,  probably  about  one-fifth  more;  different  experimenters  have  reached 
various  results.  Its  specific  gravity  is  higher  than  that  of  the  oil;  and 
it  is  apparent  that  the  latter  has  contracted  in  volume  as  well  as  increa.sed 
in  weight.  Tliis  product  is  insoluble  in  oil  and  in  turpentine  and  most 
of  the  other  oil-solvents,  and  is  the  elastic  ingredient  of  oil-paints  and 
oleo-resinous  varnishes.  When  oil  is  sprea<l  out  in  a  film  and  exposed 
to  the  air  it  does  not  for  some  time  appear  to  change,  but  after  a  certain 
time  it  rather  suddenly  changes  into  a  semi-solid,  gelatinous,  sticky 
condition;  up  to  this  point,  l)eing  a  liquid,  any  contraction  which  may 
have  occurred  causes  iio  notable  change;  but  now  a  somewhat  solid 
film  quickly  forms,  in  which  contraction  produces  a  state  of  tension. 
It  is  obvious  that  if  this  film  is  at  all  inclined  to  be  porous,  contraction 
will  open  the  pores,  because  it  stretches  the  solid  part  of  the  film 
away  from  the  openings;  and  this  is  probably  the  cause  of  the  porosity 
of  dry  lirioxyn  films. 

Porosity.  If,  therefore,  we  can  add  something  to  the  oil  which  will 
act  as  a  flux,  and  postpone  this  preliminary  setting  until  the  compound, 
b\'  alisorbing  more  oxygen,  is  in  a  more  stable  condition,  we  shall  decrease 
the  final  porosity  of  the  film.  This  is  probably  what  we  do  when  we 
dissolve  a  resin  in  the  oil.  The  resulting  compound — varnish — does 
not  take  its  initial  set  until  it  is  more  completely  oxidized,  and  the  film 
thus  formed  is  more  nearly  free  from  pores  than  a  pure  linoxyn  film. 

Varnish  Films.  Such  a  film  has  two  other  advantages.  First,  it  is 
harder,  and  resists  abrasion  bettor,  and  it  is  smoother,  which  has  the 
same  effect;  .second,  as  the  liquid  varnish  is  more  viscous  than  oil, 
it  mnv  hp  nnnlipd  in  a  somewhat  thicker  laver.  and  a  thick    film  is  ninpn 


lasting  than  a  thinner  one.  The  most  obvious  quality  of  a  varnished 
surface  is  its  smoothness  and  lustrous  appearance;  its  brilliancy  depends 
not  only  on  its  smoothnei^s  but  also  on  its  high  refractive  power  as 
regards  light;  those  varnishes  having  the  highest  refractive  indices  being 
the  most  brilliant.  This  is  increased,  in  general,  by  increasing  the  pro- 
portion of  resin. 

Outfit  for  Making  Varnish.  The  varnisher-maker's  outfit  is  very 
simple.  A  varnish  kettle  is  a  c>lindrieal  copper  vessel,  about  30  ins. 
in  height  and  from  30  to  30  ins.  in  diameter,  with  a  flat  bottom.  It 
has  a  loose  cover,  which  is  provided,  in  the  middle,  with  an  upright 
cylindrical  outlet  or  "  chimney  "  about  5  ins.  in  diameter  and  8  ins. 
high;  it  has  also  a  hole  in  it  for  a  stirring-rod;  and  some  styles  have 
an  opening  for  a  large  funnel.  The  kettle  is  loosely  set  on  an  iron  truck  or 
wagon,  with  three  or  four  wheels,  so  built  that  the  bottom  of  the  kettle, 
which  rests  on  a  ring  only  slightly  less  in  diameter  than  itself,  is  not  more 
than  a  couple  of  inches  above  the  floor.  There  is  a  fireplace,  consisting 
of  a  round  pit  sunk  below  the  floor  level,  lined  with  fire-brick  and  having 
a  grate,  under  which  is  an  ash-pit  and  suitable  air-flue,  and  nearly  over 
which,  a  little  in  the  rear,  is  a  spacious  chimney  which  carries  off  the 
products  of  combustion  and  also  the  vapor  from  the  kettle.  The  fuel 
is  coke,  which  burns  freely  and  without  much  flame,  which  might  set 
fire  to  the  kettle  vapor.  The  stirrii^-rod  is  of  stiff  steel,  5  or  6  ft.  long, 
with  a  wooden  handle.  There  is  a  large  funnel,  for  use  in  pouring  in 
oil,  which  may  be  put  into  the  chimney  in  middle  of  the  cover,  or  into 
a  special  opening  in  the  cover  near  one  side, 

Vamisb  Making.  Into  this  kettle  is  put  100  or  more  commonly 
125  lbs.  of  resin,  the  kettle  is  placed  on  the  wagon,  and  wheeled  over 
the  hot  fire.  As  the  resin  melts,  the  escaping  gases  cause  foam,  which 
makes  it  necessary  that  the  kettle  should  be  of  considerable  height  and 
capacity.  In  about  half  an  hour  all  the  rosin  is  melted;  some  vamish- 
makers  melt  with  the  thermomi'ter  in  the  melting  resin,  others  depend 
on  feeling  the  <li.sappearance  of  lumps  with  the  stirring-rod;  and  from 
time  to  time  the  latter  maj'  be  withdrawn  and  the  adhering  resin  examined. 
Without  removing  the  cover,  the  oil,  which  has  previously  been  heated 
in  another  receptacle,  is  added;  some  previously  draw  the  kettle  from 
the  fire,  others  add  the  oil  when  the  kettle  is  stifl  on  the  fire.  The  oil 
and  resin  are  cooked  togetlier,  by  the  aid  of  the  thermometer,  until 
they  are  so  combine<l  that  the\'  will  not  separate  on  cooling;  this  is 
tried  by  putting  a  dro])  on  a  piece  of  glass  or  slate  an{l  if  it  clouds  on 
cooling  the  combination  is  not  complete.  In  fact  it  is  common  to  cook 
varnish  more  than  this;  the  more  it  is  cooked  the  greater  becomes  its 
viscosity;  and  the  more  turpentine  it  will  take  to  thin  it  to  the  proper 
consistency.     Viscosity   is   spoken   of   by   American   vamish-makers   as 


Thinning.  When  sufficiently  cooked,  the  oEeo-resinous  compound  is,  on 
the  wagon,  wheeled  off  to  another  r6om,  well  away  from  the  fire,  and  a  pre- 
viously measured  amount  of  spirit  of  turpentine  (or  benzine,  or  both)  is 
slowly  added  with  constant  stirring.  Varnishes  are  more  or  less  colloidal 
solutions,  and  if  some  of  these  oleo-resinous  compounds  are  thinned 
directly  with  benzine  they  form  a  swollen,  gelatinous  mass,  insoluble 
in  excess  of  solvent;  while  if  a  little  turpentine  is  first  added  this  makes 
a  solution,  which  may  safely  be  diluted  with  benzine  if  desired.  Some 
makers  add  driers  directly  with  the  turpentine  to  the  hot  varnish,  others 
wait  until  it  is  cool.     These  driers  are  compound.-i  of  lead  and  manganese. 

Proportion  of  Ingredients.  Nothing  ha.^  yet  been  said  about  the 
quantity  of  oil  to  be  added;  in  most  varnishes  it  is  the  predominatii^ 
ingredient.  The  larger  the  proportion  of  oil  the  more  elastic  and  durable 
will  be  the  varnish;  the  smaller  the  amount  of  oil,  the  harder,  more 
lustrous,  and  quicker  drying  it  will  ho. 

Varnishes  for  furniture,  which  should  l>e  hard  and  brilliant,  and  free 
from  (he  least  tendency  to  tackiness,  are  ma<le  with  10  to  15  gallons 
of  oil  to  the  hundred  pounds  of  resin;  those  for  interior  hou.se  varnishing 
contain  from  15  to  20  gallons  of  oil;  and  for  outside  work,  exposed  to  the 
weather,  25  to  30  gallons.  These  30-gallon  varnishes  require  about 
32  gals,  of  turpentine  or  other  thmner;  10-gallon  varnishes  take  about 
25  gallons  of  thinner. 

Rubbing  Varnish.  Rubbing  varnishes  contain  6  to  12  gallons  of 
oil;  tliey  arc  so  called  because  they  become  hard  enough  in  from  1  to  6 
days  so  that  the  surface  may  be  nibljed  with  powdered  pumice-stone, 
sprinkled  on  a  pad  of  felt  wet  with  water,  until  all  the  irregularities  of 
surface  are  ground  away,  thus  forming  a  smooth  ("  level  ")  foundation 
for  further  coats  of  varnish.  Those  which  contain  even  as  much  as 
20  gallons  of  oil  will  in  time  become  hard  enough  to  rub;  after  which, 
by  i-ubbiog  with  finer  materials,  they  may  finally  l>e  polished;  but  this 
beautiful  finish  is  not  as  durable  as  the  natural  gloss,  which  is  always 
left  on  work  which  is  to  be  exposed  to  the  weather.  When  one  coat  is 
applictl  over  another  it  is  always  desirable  to  remove  the  gloss  by  lightly 
rubbing  the  undercoat,  tun  the  following  coat  does  not  stick  well  and 
smoothly  to  a  glos.sy  surface. 

Rosin.  Common  roain,  or  colophony,  is  extensively  used  in  making 
cheap  varnishes.  It  is  not  a  natural  resin,  l)ut  is  produced  in  the 
<Iistiilation  of  crude  turpentine,  being  the  residue  left  in  the  retort  after 
the  spirit  of  turpentine  is  distilled  off.  It  is  an  acid  substance;  and 
iiefore  use  it  is  made  nearly  neutral  by  combining  with  it  about  5  or 
6  per  cent  of  lime  (calcium  oxide).  This  makes  it  harder,  more  brittle, 
less  easily  fusible.  It  is  made  into  oleo-resinous  varnishes  very  much 
as  are  the  natural  resins,  but  with  much  more  drier  added;  these  vambhes 
are  softer  and  less  durable  than  the  former  class,  but  are  mixed  with 
them  to  make  mixed  varnishes  of  low  price  and  medium  quality.     For 


some  purposes  rosin  varnishes  are  used  alone.  They  have  good  working 
qualities,  and  a  small  admixture  of  a  rosin  varnish  to  a  "  gum  "  varnish 
is  often  advantageous.  They  are  made  at  lower  temperatures  than  the 
"  gum  "  varnishes;  and  the  greater  part  of  the  tung  or  China  wood 
oil  that  is  imported  is  used  in  rosin  varnishes,  on  account  of  its  superior 
drying  qualities,  in  which  it  alone  surpasses  linseed  oil. 

Turpentine  and  Benzine.  As  to  the  comparative  merits  of  turpentine 
and  benzine  (heavy  petrolic  ether),  it  may  be  said  that  without  doubt 
turpentine  is  the  better  solvent.  It  is  held  more  strongly  by  the  oleo- 
resinous  part  of  the  varnish  than  is  benzine,  and  hence  evaporates  more 
slowly,  also  it  is  naturally  slower  to  evaporate.  When  varnish  is  applieil 
with  a  brush  it  is  impossible  to  avoid  slight  irregularities,  slight  ridges 
and  furrows,  brushmarks,  and  if  the  volatile  .solvent  evaporates  ver>' 
quickly  these  remain  and  show  in  the  dried  film;  but  with  turpen- 
tine the  coating  remains  liquid  for  a  considerable  time  and  these  flow 
out  and  disappear  before  the  varnish  becomes  viscid  enough  to  retain  its 
form.  Other  things  influence  this  condition,  but  the  nature  of  the 
volatile  solvent  is  the  most  important  factor.  It  should  be  said, 
however,  that  there  are  different  qualities  of  benzine;  and  within  a 
few  years  a  comparatively  heavy  grade  has  been  on  the  market,  with 
a  correspondiI^5ly  higher  Iwiliiy^-point,  less  diffusive  power,  and  more 
like  turpentine  in  many  respects;  and  to  a  great  degree  free  from 
the  objections  which  have  always  been  urgetl  i^ainst  the  lighter  gra<le3 
of  Iwnzine. 

Pale  and  Dark  Varnishes.  To  make  a  pate  varnish  it  is  neces-sary 
to  have  pale  resins;  but  in  some  cases  the  paler  pieces  are  softer  and 
less  valuable.  The  dark  grades  of  the  better  kinds  of  resin,  such  as 
Kauri,  arc  of  excellent  quality,  and  for  many^in  fact,  most — purposes 
mo<lerately  dark  varnishes  are  just  as  good  as  any.  Even  the  dark 
varnishes  (not  black  asphaltum)  are  transparent,  and  have  an  agreeable 
yellow  or  brownish  red  eolor;  on  ilark  wood  tliey  have  even  a  l>ctter 
effect  than  pater  varnishes,  to  which  they  are  in  every  other  respect  equal. 
There  are,  of  course,  some  dark  resins  of  inferior  sorts;  and  some  of 
the  l>est  pale  resins,  such  as  Zanzibar,  ere  of  unequaled  (|uality. 

Baking  Japans.  As  the  har<^lening  of  varnish  is  due  to  oxidation, 
it  follows  that  with  an  increase  of  ti^mperature  the  process  will  go  on 
more  rapidly.  It  is  wjually  true  that  the  solvent  will  evaporate  more 
quickly  from  spirit  varnishes  in  a  hot  atmosphere,  so  that  it  is  generally 
true  of  all  varnishes.  If  the  temperature  is  high  enough  to  melt  the 
nwin  of  a  spirit  varnish,  or  to  keep  an  oleo-resinous  compound  in  a.  liquid 
state  until  oxidation  is  nearly  completed,  the  resulting  film  will  be  non- 
porous.  Varnishes  designed  for  such  use  are  called  baking  varnishes 
or  baking  japans;  the  best  of  them  are  the  black  japans  in  which  the 
resin  is  partly  a-jphaltum.     These  form  coatings  of  great  beauty  and 


baked  at  varying  temperatures;  on  wood,  of  course,  at  comparatively 
low  lieat,  but  on  metal  at  as  hiRh  as  400°  F-,  though  300°  F.  in  more 
common.  The  baking  usually  last-^  three  or  four  hours.  The  objects 
to  be  japamied  are  commonly  tlippiHl  in  the  varnish  and  put  directly 
in  the  oven.  Since  the  drying  is  forced  by  the  heat  it  is  possible 
to  use  a  varnish  which  would  not  dry  at  all  (in  any  reasonable  time) 
at  ordinary  temperatures,  and  such  material  is  likely  to  be  somewhat 
indifferent  to  chemical  action. 

Japan  Driers.  Another  class  of  japans,  having  no  relation  at  all  to 
the  preceding,  arc  composed  of  linoleates  or  resinates  of  lead  or  manganese, 
usually  containing  free  oil,  and  often  some  resinous  or  oleoresinous  varnish, 
and  <lissolved  to  a  thin  liquid  with  turpentine  or  more  often  benzine. 
These  are  also  called  driers;  and  they  act  by  catalysis,  inducing  the 
rapi<l  oxidation  of  the  oil  or  varnish  to  which  they  are  added.  It  is  well 
kno^vn  that  lead  an<l  mangani^sc  form  two  classes  of  compounds;  for 
example,  a  protoxide  and  a  peroxi<le;  and  easily  pas&  from  one  to  the- 
other.  If  they  are  present  in  the  film  in  the  higher  state  of  oxidation 
they  give  up  half  their  oxygen  to  the  oil,  then  take  up  more  from  the 
air,  and  so  act  continuously  as  agents  to  pass  along  oxygen  from  the 
air  to  the  oil.  Manganese  is  more  active  than  lead  but  each  has  it» 
advanti^es.  Driers  may  be  made  with  other  metals,  such  as  nickel 
and  coljalt,  whieh  rea(iily  pass  from  one  state  of  oxidation  to  the  other; 
but  have  no  special  advantages  over  lead  and  manganese.  These  com- 
pounds may  be  made  by  direct  heating  of  the  metallic  oxides  with  oil 
or  ro.sin,  or  by  decomposing  soaps  with  soluble  salts  of  these  metals.  If 
by  use  of  these  compounds  we  introduce  into  oil  even  as  small  an  amount 
on  iVifff  of  its  weight  of  these  metals,  the  effect  is  very  marked.  The 
use  of  too  much  drier  is  objectionable,  since  it  is  likely  to  continue  to  act, 
slowly  of  course,  after  the  film  has  hardened,  and  in  time  <lestroy  its 
elasticity  and  coherence.  Driers  are  not  used  in  spirit  varnishes,  nor 
usually  in  baking  japans. 

Boiling  Oil.  Long-continued  heating  cau-ies  linseed  oil  to  dry  with 
a  glass,  an<l  oil  which  has  been  heat«<l  with  a  little  lead  and  \  manganese 
oxides  is  calletl  l>oiled  oil;  the  untreated  oil  is  called  raw  oil.  Films 
of  raw  oil  take  5  or  6  days  to  dry  hard  enough  to  be  handled;  while  boiled 
oil  will  dry  in  24  hours.  For  special  purposes,  however,  oil  is  boiled 
for  a  longer  time,  and  in  this  way  is  made  the  varnish  used  on  patent 
leather  and  for  some  other  uses. 
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SUGAR 

GUILFORD  L.  SPENCER 
Chief  Chemist  Cuban- American  Sugar  Co.f  New  York  and  Hopana. 

Introductory.  Highly  refined  commercial  sugar  consists  of  sucras< , 
The  word  *^  sugar/*  as  used  in  this  article  and  conunercially,  refers  t*j 
sucrose  of  various  degrees  of  purity. 

Sucrose  is  widely  distributed  in  the  vegetable  kingdom;  two  plants. 
however,  supply  practically  all  of  the  world's  sugar.  These  are  the  sugar- 
cane (Saccharum  officinarum)  and  the  sugar  beet  {Beta  vulgaris).  Cane  ia 
grown  throughout  the  Tropics  and  in  some  sub-tropical  regions;  the  kvi 
is  produced  in  most  partb  of  Europe,  the  northern  and  Pacific  coast  Stat^-^ 
of  this  country  and  in  Canada.  No  beet  sugar  is  produced  in  the  Briti>h 
Islands,  though  excellent  beets  have  been  grown  there  experimentally. 

Other  plants  producing  commercial  quantities  of  sugar  are  certain 
palms  and  the  maple  tree.  For  the  purposes  of  this  article  it  is  only 
necessary  to  consider  the  two  preponderating  branches  of  the  sugar 
industry,  the  cane  and  the  beet.  These  two  plants  now  produce  nearly 
equal  proportions  of  the  world \s  sugar  supply. 

In  sugar  manufacture  all  substances  contained  by  the  plant  juices 
other  than  sucrose  are  considered  to  be  impurities.  The  word  "  impurity  " 
is  used  in  this  sense  in  this  chapter. 

Cane  Sugar 

Raw  Materials  and,  its  Preparation.  The  raw  material,  sugar  cane. 
is  botanically  a  large  grass.  The  appitoximate  composition  of  the  stalk^, 
the  part  of  the  plant  used  in  sugar  manufacture,  is  shown  in  the  following 
table  by  Dr.  Charles  A.  Browne,  Jr.,^  and  represents  Louisiana  cane  dur- 
ing the  manufacturing  season.  Tropical  cane  probably  varies  but  little 
from  this  analysis  except  as  regards  the  sugars,  fiber  and  water  content: 

*  "Hand-book  for  Cane  Sugar  Manufacturers,"  Spencer,  p.  50. 

6i2 


SUGAR 


643 


Ash 


0.50 


Fiber 10.00 


Water 74.50     74.50 

Silica,  Si()2 0.25 

Potash,  K2O 0.12 

Soda,  Na20 0.01 

Lime,  CaO 0.02 

Magnesia,  MgO 0.01 

Iron,  Fe203 trace 

Phosphoric  acid,  P2O5 0.07 

Sulphuric  acid,  SO2 0.02 

Chlorine,  CI trace 

Cellulose 5.50 

Pentosans  ]  Xvlan 2.00 

Cane  gum    j  Araban 0.50 

Lignin  bodies,  etc 2.00 

[Sucrose 12.50 

1  Sugars 14.00  ^  Dextrose 0.90 

I  Levulose 0.60 

Albuminoids 0.12 

Amids  (as  asparagin) 0.07 

Amido  acids  (as  aspartic) 0.20 

Nitric  acid 0.01 

Ammonia trace 

Xanthin  bodies trace 

0.20 

0.20 

(malic,  succinic,  etc.) 0.08 

(malic,  succinic,  etc.) 0.12 


Nitrogenous  bodies 

(Total  N  =  .06  per  cent) 

Fat  and  wax 

Pectin  (gums) 

Free  acids 

Combined  acids 


0.40 


0.20 
0.20 
0.08 
0.12 


Total 100.00 


100.00 


The  cane  grown  in  tropical  countries  usually  cont^ns  an  average  of 
approximately  14.5  per  cent  sucrose,  little  or  no  levulose  (when  mature) 
and  in  all  less  than  1  per  cent  of  reducing  sugars.  The  fiber  ranges  from 
10  to  12  per  cent  and  even  higher. 

The  cane  is  propagated  from  pieces  of  the  stalk,  termed  "  seed/' 
which  are  planted  in  furrows  or  in  clumps  according  to  soil  conditions. 
The  young  plants  sprout  from  the  buds  at  the  nodes  or  joints  of  the  cut- 
tings and  quickly  establish  themselves,  soon  forming  large  clumps  and 
thick,  almost  impenetrable  rows.  The  plant  matures  in  the  dry  season 
in  the  Tropics  and  is  harvested  at  this  time.  It  never  reaches  full  maturity 
in  sub-tropical  countries  and  is  harvested  for  the  manufacture  of  sugar 
in  the  autunm. 


*  The  presence  of  raffinose  has  been  reported  but  not  confirmed  (G.  L.  S.).     The 
reducing  sugars  are  grouped  under  the  term  "  ghicose  "  in  cane  sugar  factories. 
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The  stalks  are  cut  close  to  the  ground,  freed  of  their  leaves  and  the  top 
joints  are  removed  at  the  highest  one  showing  signs  of  maturity.  Thw 
point  is  determined  by  the  color  of  the  stalk.  The  clean  stalks  are 
removed  to  the  factory  as  soon  as  possible  after  cutting.  In  Louisiana, 
however,  owing  to  danger  of  frost  damage  late  in  the  season,  the  staJks 
are  cut  and  covered  or  windrowed  and  left  in  the  fields  until  needed.  Thi> 
is  not  feasible  in  the  tropics,  as  the  cut  cane  would  soon  ferment  if  left  in 
the  fields,  and  must  therefore  be  promptly  ground. 

The  stubble  is  left  to  produce  a  crop  of  ratoons,  to  be  harvested  the 
following  season,  and  where  soil  and  climatic  conditions  are  favorable. 
several  successive  crops  may  be  secured  from  one  planting.  But  one 
ratoon  crop  is  usually  harvested  in  Louisiana. 

Until  recent  years  the  true  seed  of  the  cane  was  not  known  to  Ih» 
fertile,  but  since  the  discovery  that  cane  does  produce  some  fertile  seed, 
extensive  experiments  in  the  culture  of  seedlings  have  resulted  in  a  nmnl>cr 
of  new  and  valuable  varieties  of  canes. 

In  the  preparation  of  the  stalks  for  milling  it  is  very  desirable  that 
they  l)e  freshly  cut  and  that  all  leaves  (tra.sh)  and  immature  joints  Iv 
removed,  since  the  trash  reabsorbs  juice  in  the  milling  process,  and  the 
unripe  joints  contain  little  sucrose  and  much  invert  sugar.  Unfortunately 
labor  conditions  are  usually  such  that  the  cane  does  not  reach  the  mills 
in  a  clean  state  and  freshlv  cut. 

Manufacturing  Processes.  These  processes  include  the  extraetion  of 
the  juice  from  the  cane,  its  purification,  concentration,  crystallization  of 
the  sugar,  and  the  separation  of  the  crystals  from  the  mother  liquor 
(molasses). 

Extraction  of  the  Juice.  The  milling  process  is  used  almost  without 
exception  for  the  extraction  of  the  juice.  The  diffusion  process,  descril>eii 
farther  on  in  connection  with  the  beet  sugar  industry,  is  no  longer  used, 
except  in  j^erhaps  a  half  dozen  factories. 

As  the  cane  arrives  from  the  fields,  it  is  unloaded  upon  an  elevator 
coasisting  of  endless  chains  with  projecting  arms  or  upon  a  belt-like  con- 
veyor composed  of  endless  chains  and  wooden  slats.  The  conveyor 
delivers  the  cane  into  a  preparatory  machine  called  a  shredder  or  crusher, 
according  to  its  type,  which  tears  it  into  shreds  or  crushes  it.  The  Fi.ske 
or  National  shredder,  the  pioneer  of  these  machines,  has  two  corrugatetl 
steel  rolls  driven  rapidly  in  opposite  directions,  one  at  a  higher  speeii  than 
the  other.  The  rolls  nearly  touch  one  another  and  heavy  springs  at  the 
bearings  permit  them  to  separate  with  a  heavy  feed  of  cane.  This 
machine  tears  the  cane  into  fine  shreds;  the  juice  extracted  is  inuneiii- 
ately  reabsorbed.  Crushers  also  have  two  corrugated  steel  rolls  driven 
in  opposite  directions  but  at  the  same  speed.  The  corrugations  are  small 
and  have  sharp  edges.  The  crusher  rolls  revolve  very  slowly,  crushing 
the  cane  and  expressing  more  than  half  the  juice  it  contains.  The 
Krajew^ski  and  Fulton  are  well-known  tj-pes  of  these  machines.     A  Fulton 
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cruriher  is  8ho^vn  in  Fig,  309  in  combination  with  a  twelvp-roller 
"  Cora"  mill. 

The  rind  and  joints  of  the  cane  are  very  hard  and  offer  great  resistance 
in  milling,  hence  the  desirability  of  first  breaking  up  the  cane  by  machines 
requiring  comparatively  little  power. 

Cane  mills  are  composed  of  various  combinations  of  very  heavy  cast- 
iron  rollers  arranged  in  suitable  massive  cast-iron  or  cast-steel  housings. 
In  mo<lem  installations  the  mills  each  have 
three  rollers,  and  combinations  of  three- 
roller  mills  make  up  those  of  six,  nine  and 
twelve  rolls.  The  entire  system  is  driven 
with  one  or  more  engines.  The  crusher 
and  mills  shown  in  Fig.  309  are  geared  for 
driving  with  a  single  engine.  The  ust;  of 
a  single  engine  promotes  economy  and  regu- 
liirity  in  the  milling.  Hydraulic  rams  ani 
usually  used  to  regulate  the  pressure  on 
the  rolls.  The  rams  are  shown  under  the 
crusher  and  mills  in  the  iiiu-stration. 

The  following  dimensions  are  typical  of 
the  lan!e  mills  now  in  use:  Rollers  33X84 
ins.  long;   roller  shafts,  hollow  nickel-steel 

fiirgings;   journals  17  ins.  diaineferX21  ins.  S 

lung.     These  dimension.^  arc  often  excee<le(l,  ^ 

lliough  few  mills  are  now  made  with  rolls  ^ 

longer  than  84  ins.  The  weight  of  such  a 
t(ip  roller  with  its  shaft  is  approximately  14 
short  tons. 

When  the  hydraulic  pressure  is  applied 
to  the  top  roll,  as  is  usual  in  the  majority 
of  installations,  the  following  loads  upon 
it  are  about  the  customary  numljers;  1st 
mill,  375  tons;  2d  mill,  400  tons;  3d  mill, 
42.5  tons.  These  loads  are  often  exceeded 
with  very  strong  mills. 

The  mill  rollers  are  so  arranged  that  the 
cane  is  crushed  twice  by  each  3-roll  mill, 
and  at  each  successive  crushing  the  cane 
passes   through    a    smaller    opening    than 

iiefore.  The  la-st  mill  is  usually  "  set "  with  its  back  or  baga.'Jse  roll 
and  the  top  roll  almost  touching  one  another,  or  to  use  the  factory  term, 
■■  iron  to  iron."  A  curved  knife  or  turn  plate  guides  the  crushed  cane 
from  one  pair  of  rolls  to  the  next.  Notwithstanding  the  great  strength 
of  mill  rolls  and  shafts  these  are  often  broken  by  the  straining  to  which 
they  are  exposed. 
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Water  is  usually  applied  to  the  crushed  cane  or  bagasse,  as  it  is  now 
termed,  as  it  emerges  from  the  rolls  of  the  first  and  second  mills.  Th'- 
bagasse  is  in  the  condition  of  a  sponge  that  ha«  been  squeezed  nearly  dn- 
and  quickly  absorbs  the  water,  which  dilutes  a  part  of  the  remaining 
juice.  The  subsequent  milling  of  this  moistened  bagasse  extracts  mon- 
sugar  than  would  be  obtained  with  dry  crushing.  The  water  is  often  aii 
applied  to  the  second  mill  bagasse  and  the  thin  juice  from  the  third  mill  L< 
pumped  back  upon  the  bagasse  from  the  first.  In  this  method,  all  the 
juice  extracted  by  the  first  and  second  mills  is  pumped  to  the  defecating 
apparatus  for  the  next  stage  of  the  manufacture.  This  use  of  water  on 
the  bagasse  is  termed  "  saturation,'*  "  maceration  "  or  "  imbibition." 

The  final  residue  is  known  as  **  bagasse  "  or,  in  the  English  colonic-, 
'^  megasse."  It  is  conveyed  directly  from  the  mills  to  special  fumac-t-^. 
where  it  is  burned  for  the  generation  of  steam  in  the  boilers.  All  mo<i«  ni 
cane  factories  are  operated  by  steam. 

The  bagasse,  with  very  good  milling,  contains  about  45  per  cent  marr 
or  woody  fiber  and  less  than  50  per  cent  moisture.  Good  bagas^i^  ha.-  -^ 
fuel  value  of  from  3000  to  4000  B.T.Us.,  and  in  some  tropical  plants  <i\]y- 
plies  all  the  fuel  required  in  the  manufacture.  The  majority  of  factorit- 
must  supplement  this  fuel  with  wood,  coal,  or  oil.  The  cane  factory 
requires  a  l)oiler  installation  of  approximately  200  H.P.  per  100  tons  caii^- 
ground  per  twenty-four  hours.  This  number  depends  upon  the  efficiency 
of  the  plant,  the  quality  of  the  cane  and  the  class  of  sugar  manufactun^l. 

The  loss  of  sugar  in  the  bagasse  varies  greatly  in  different  establish- 
ments, but  with  an  installation  consisting  of  a  crusher  and  three  3-rulItT 
mills,  and  the  use  of  saturation  water,  it  approximates  5  per  cent  sucru-» 
in  the  residue  or  in  terms  of  the  original  cane,  1.25  per  cent.  ANith 
excellent  milling  and  liberal  saturation  (1^20  per  cent  water)  more  than 
90  per  cent  of  the  sucrose  in  the  cane  may  be  extracted  in  the  juice.  The^e 
num})ers  all  indicate  much  better  results  than  are  obtained  with  the  aver- 
age equipment. 

The  yield  of  juice  by  milling  varies  with  the  quality  of  the  cane  its<-lf. 
Woody  canes  yield  less  juice  than  those  of  low  fiber  content  and  immaturr 
canes  more  than  ripe,  rich  stalks.  By  dry  crushing,  i.e.,  without  satura- 
tion, 75  per  cent  on  the  weight  of  the  cane  of  juice  may  be  readily  obtaim^l 
with  the  immature  canes  of  Louisiana,  whereas  in  the  tropics  it  usually 
requires  very  heavy  milling  and  liberal  use  of  saturation  water  to  expres- 
an  equivalent  quantity. 

The  present  tendency  is  toward  the  construction  of  very  heavj^  milling 
plants  with  rolls  78  to  84  ins.  long  and  arranged  with  a  crusher  and  thr^. 
or  four  strong  mills  set  "  tandem."  Great  attention  is  paid  to  the  foundr> 
mixture  in  casting  the  rollers,  to  o})tain  an  iron  that  is  neither  too  hanl 
nor  too  soft,  and  that  will  retain  a  slightly  roughened  surface  that  reduci-- 
the  tendency  of  the  cane  to  slip  and  clog  the  mill.  Such  mills  will  grin.i 
from  1200  to  1400  tons  or  more  of  cane  per  twenty-four  hours,  thouir'. 
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where  a  very  large  extraction  is  desired  the  smaller  number  is  not  usually 
reached. 

Purification  of  the  Juice.  The  juice  as  it  flows  from  the  mills  is  turbid 
and  filled  with  impurities,  both  chemical  and  mechanical.  It  is  first 
strained  through  perforated  sheets  having  400  round  holes  and  upward 
per  square  inch.  The  surface  of  the  strainer  is  cleaned  by  mechanical 
scrapers,  which  deposit  the  fiber  and  trash  ui)on  one  of  the  bagasse  con- 
veyors, to  be  again  passed  through  a  mill. 

Defecation  Process.  The  next  stage  of  the  purification  is  the  defeca- 
tion process.  The  raw  juice  is  always  of  acid  reaction.  This  acidity  is 
neutralized  with  milk  of  lime  or  with  dry  slaked  lime,  and  the  juice  is  then 
heated  to  coagulate  the  aU)uminoids. 

In  the  ordinary  method  of  defecation,  the  juice  is  first  limed  in  mixing 
tanks,  to  slight  alkalinity  or  faint  acidity,  according  to  the  grade  of  sugar 
to  be  made,  and  is  then  conducted  to  defecators.  These  are  tanks  fitted 
with  steam  coils  or  steam  jacket  at  the  bottom.  Many  factories  lime  the 
juice  in  the  defecator.  The  limed  juice  is  now  heated  with  steam.  The 
heat  is  continued  until  a  heavy  blanket  of  scum  rises  to  the  surface  and 
breaks  or  **  cracks."  WTien  the  cracking  point  is  reached  the  heat  is  dis- 
continued and  the  juice  is  left  at  rest  for  the  precipitates  to  settle.  This 
process  separates  nearly  all  of  the  albuminoids,  partly  by  coagulation,  and 
a  part  of  the  acids,  fat  wax  and  gums.  Some  lime  salts  are  formed  and 
persist  throughout  the  manufacture.  A  part  of  these  salts  subsequently 
dc^posit  upon  the  heating  surfaces  of  the  evaporating  apparatus.  If  the 
process  is  conducted  with  care,  there  is  no  decomposition  of  the  sugars, 
but  with  excessive  liming  the  invert  sugar  is  decomposed  in  part  and 
forms  dark,  bitter  compounds  with  the  lime.  These  lime  salts  impede  the 
crystallization  of  the  sugar.  The  ripe  cane  frequently  contains  no  levu- 
lose,  but  this  sugar  always  appears  in  the  molasses,  even  if  no  sucrose  is 
inverted,  and  is  attributed  to  the  action  of  the  alkalis  upon  the  dextrose. 
In  an  acid  defecation,  as  in  making  white  sugar,  if  insufficient  lime  is 
used,  inversion  of  sucrose  occurs. 

After  allo'W'ing  sufficient  time,  usually  an  hour  or  longer,  for  the  subsi- 
dence of  the  precipitates,  the  clear  juice  is  decanted  from  between  the 
})lanket  of  scum  and  the  mud  at  the  bottom  of  the  defecator.  The  clear 
juice  is  run  into  storage  tanks  preparatory  to  the  evaporation.  The  scum 
and  mud,  mixed  together,  are  pumped  into  filter  presses  and  the  filtrate 
is  added  to  the  clear  juice  already  obtained.  The  press-cake  is  used  as  a 
fertilizer  or  on  many  estates  is  wasted.  The  sugar  content  of  the  cake  is 
reduced  by  either  washing  it  with  water  while  still  in  the  press  or  by 
removing  the  cake,  beating  it  to  a  cream  with  water  and  refiltering.  The 
unwashed  cake  contains  from  8  to  12  per  cent  of  sugar,  according  to  the 
richness  of  the  cane  and  the  quantity  of  water  used  in  washing  the  mud 
from  the  defecators,  and  that  by  refiltration  or  thorough  washing  contains 
about  2  per  cent. 
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The  filter  press  is  that  used  in  other  industries.  A  frame  press  of  a 
type  very  generally  used  in  sugar  factories  is  illustrated  in  Fig.  18.  A  heavy 
jute  or  cotton  cloth  is  placed  over  the  grooved  or  perforated  plate  sho\^x 
next  to  a  frame,  in  the  figure.  When  all  the  plates  are  covered  in  thi- 
way  and  the  press  is  closed  a  series  of  cloth-separated  chambers  is  fomieil. 
The  muddy  juice  is  forced  into  these  chambers  under  a  pressure  of  40  to 
50  lbs.  The  cloth  retains  the  precipitates  and  the  filtrate  flows  froiii 
cocks  connected  with  channels  in  the  grooved  plates. 

In  the  manufacture  of  plantation  white  sugar,  the  raw  juice  is  saturat^-^i 
with  sulphurous  acid,  then  limed  to  faint  acidity  to  litnms.  The  rest  of  the 
defecation  process  is  conducted  as  already  described.  In  making  th^ 
refining  grades  of  sugar,  sulphur  may  or  may  not  be  used,  and  is  not  gener- 
ally employed  in  tropical  factories.  An  acid  defecation  is  usually  ina<if 
in  Ijouisiana  and  an  alkaline  one  in  the  Tropics,  where  lime  is  usually 
added  so  long  as  a  precipitate  forms.  The  process  is  termed  **clarifica- 
tion  '*  in  Louisiana. 

Phosphoric  acid  or  acid  phosphate  of  lime  is  often  used  in  the  defeca- 
tion, especially  in  making  white  and  high-grade  yellow  sugars,  to  form  a 
voluminous  precipitate,  which  carries  do^\'n  much  flocculent  and  some 
coloring  matter. 

The  defecation  may  also  be  conducted  by  Deming's  continuous  proc- 
ess, in  which  the  limed  juice  is  heated  under  pressure  to  a  temperature 
of  about  112°  C  and  then  passed  through  closed  constant-flow  settling: 
tanks.  These  tanks  are  so  arranged  that  clear  juice  flows  from  a  pipe  at 
the  top  while  the  mud  is  drawn  off'  at  the  bottom.  The  settling  is  accom- 
plished under  pressure.  A  device,  termed  an  "  eliminator,"  separates 
the  air  and  gases  from  the  hot  juice  before  it  enters  the  closed  settling 
tanks. 

There  are  other  modifications  of  the  defecation  or  clarification  proc- 
ess, but  the  two  described  are  those  generally  used.- 

The  Carbonation  Process.  The  carbonatation  process,  descriljeii 
farther  on  in  the  beet-sugar  section,  modified  as  to  quantity  of  lime  and 
temperature  conditions,  is  used  to  a  very  limited  extent,  notably  in  Java. 
In  treating  cane  juice  b}^  carbonatation  very  little  lime  is  used  as  com- 
pared with  beet-sugar  work,  and  also  the  temperature  is  kept  below 
60°  C.  to  prevent  the  decomposition  of  the  invert  sugar  which  occurs  in 
the  presence  of  lime  at  higher  temperatures. 

Evaporation.  The  clarified  juice  is  next  evaporated  to  a  syrup  of 
about  54°  Brix  (30°  Baum(?).  The  evaporation  is  conducted  in  multiple- 
effect  vacuum  evaporators. 

There  are  several  tj-pes  of  multiple-effect  evaporators,  but  the  basic 
principle  of  all  is  the  same,  so  only  the  so-called  and  commonly  used  stand- 
ard type  of  apparatus  with  vertical  tubes  will  be  described.  The  triple 
effect  is  the  combination  generally  employed.  The  evaporating  vessels  or 
''  effects  "  of  this  combination,  three  in  number,  are  vertical  cylinders  some- 
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what  of  the  form  of  the  vacuum  pan  shown  in  Fig.  310.  In  the  lower  part 
is  a  belt  containing  vertical  brass  or  copper  tubes  through  which  the  juice 
circulates,  and  which  are  surrounded  with  steam.  This  heating  belt  is 
termed  the  "  calandria.'^  The  vessels  of  the  triple  effect  are  arranged  so 
that  a  vacuum  may  be  maintained  in  each,  e.g.,  5  ins.  in  the  first  effect,  14- 
16  ins.  in  the  second,  and  26  ins.  or  as  high  a  vacuum  as  can  be  secured, 
in  the  third.  Exhaust  steam  from  the  various  engines  of  the  factory  is 
used  to  heat  the  juice  in  the  first  effect;  the  steam  generated  in  boiling 
this  juice  is  conveyed  through  the  vapor  pipe  in  the  dome  of  this  vessel  to 
the  heating  calandria  of  the  second  effect.  Juice  is  conducted  from  the  first 
vessel  to  the  second  and  from  the  second  to  the  third.  The  vapor  from  the 
first  effect  boils  the  juice  in  the  second  by  reason  of  the  differences  in 
vacuum  and  boiling  points,  and  the  condensation  of  this  vapor  produces 
the  vacuum  in  the  first  vessel.  In  the  same  way  the  liquor  is  boiled  in 
the  third  vessel  and  the  condensation  produces  the  vacuum  in  the  second. 
The  vacuum  in  the  third  effect  is  produced  by  a  pump  and  condenser. 
The  water  of  condensation  is  removed  by  pumps,  except  from  the  first 
calandria,  from  which  it  flows  by  gravity.  The  evaporation  is  so  con- 
ducted that  a  stream  of  juice  is  fed  into  the  first  vessel  and  flows  from 
effect  to  effect,  gaining  in  density  as  it  travels,  and  finally  finished  syrup 
of  the  desired  density  is  constantly  pumped  from  the  third  effect.  This 
method  may  be  extended  to  four  vessels,  which  is  termed  a  "  quadruple- 
effect,"  and  so  on.  Owing  to  mechanical  difficulties,  this  so-called  stand- 
ard type  of  evai)orator  is  not  used  with  more  than  four  vessels.  The 
water  from  the  steam  condensed  in  the  calandrias  is  used  for  lx)iler  feed- 
water  and  the  surplus  for  maceration  of  bagasse  and  other  purposes,  thus 
utilizing  its  heat. 

The  method  of  producing  the  vacuum  will  be  described  later  in  connec- 
tion with  the  crystallization  of  the  sugar. 

The  differences  of  vacuum  and  the  consequent  differences  in  boiling 
points  of  the  liquors  enables  the  multiple-effect  use  of  the  steam  applied 
in  the  calandria  of  the  first  vessel.  A  triple-effect  apparatus  will  evaporate 
a  given  quantity  of  water  with  about  one-third  the  steam  required  to  evap- 
orate the  same  quantity  in  single  effect.  A  surplus  of  steam  is  generated 
in  the  first  and  second  vessels  of  a  triple  effect,  so  far  as  the  needs  of  the 
apparatus  itself  are  concerned.  In  European  beet-sugar  practice,  a  part 
of  this  surplus  is  employed  in  reheating  juices  in  the  preliminary  stages 
of  the  manufacture.  A  further  economy  is  sometimes  effected  by  placing 
a  surface  condenser,  through  which  cold  juice  circulates,  in  the  vapor 
pipe  leading  to  the  main  condenser. 

Crystallization  of  the  Sugar.  The  concentrated  juice  or  syrup  is 
pumped  from  the  multiple  effect  to  storage  tanks  preparatory  to  the 
crystallization  of  the  sugar.  The  crystallization  is  accomplished  in  a 
single-effect  vacuum  pan  such  as  is  shown  in  Fig.  310. 

The  vacuum  or  strike  pan,  Fig.  310,  is  a  cylindrical  vessel,  A,  usually  of 
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cast  iron,  having  a  dome-shaped  top  with  vapor  pipe,  fi,  and  connection5 
and  a  conical  bottom  provided  with  a  strike  or  discharge  valve,  C\  The 
pan  is  equipped  with  large  heating  coils  of  copper,  and  steam  and  vacuun. 
gauges,  also  sight-glasses,  D,  for  watching  the  progress  of  the  work,  a  proof- 
stick  for  drawing  test  samples  and  suitable  pipe  connections  for  sjTup  ana 
molasses.     The  steam  enters  a  manifold,  E,  from  which  it  is  distributed  to 


Fig.  310. 

the  coils;  each  of  the  latter  has  a  stop  valve,  and  also  drainage  connectious 
for  condensation  water.  The  vapors  from  the  boiling  sugar  solution  pa^*^ 
through  a  save-all,  F,  connected  at  the  bottom  with  the  pan,  where  they 
expand  and  also  meet  baffle  plates,  so  that  sugar  entrained  with  the  vapor 
may  be  returned  to  the  apparatus.  The  vapors  from  the  evaporating 
liquor  pass  into  a  condenser,  G,  in  which  they  meet  a  shower  of  water. 
The  nncondensable  gases  are  led  off  through  a  pipe,  X,  from  the  lower  pan 
of  the  condenser  to  a  vacuum  pump.     The  condensing  water  and  water  of 
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condensation  are  carried  off  through  the  *'  leg  pipe**  or  torricellian  tube,  H. 
The  foot  of  the  leg  pipe  is  sealed  with  water,  in  the  hot  well,  J, 

The  above  is  a  description  of  the  '*  dry-vacuum  system."  It  is  so 
called  because  only  the  uncondensible  gases  are  separately  removed  by  the 
pump.  In  the  "  wet  system  "  the  condensing  and  condensation  waters 
and  the  gases  are  carried  off  by  the  vacuum  pump.  The  dry  system  is  pre- 
ferred for  large  installations.  Many  factories  use  a  condenser  in  common 
for  the  multiple  effects  and  vacuum  pans. 

In  crystallizing  the  sugar,  the  pan  boiler  proceeds  as  follows:  Having 
produced  a  vacuum  in  the  pan  he  draws  in  what  he  deems  to  be  sufficient 
syrup  for  graining  the  ''  strike,"  and  evaporates  it  to  a  saturated  sugar 
solution  at  the  desired  temperature.  He  regulates  the  boiling-point  by  the 
injection  of  water  into  the  condenser,  thus  controlling  the  vacuum.  When 
ready  to  form  the  crystals,  i.e.,  grain  the  strike,  he  heats  the  liquor  to  a  tem- 
perature of  from  60  to  70°  C,  the  grade  of  sugar  desired  determining  this 
condition.  At  this  stage  there  are  two  customary  methods  of  procedure: 
In  the  method  usually  followed  in  the  cane-sugar  factories,  the  concentra- 
tion is  continued,  maintaining  a  constant  or  slightly  rising  temperature, 
until  crystals  of  sugar  begin  to  appear  in  the  boiling  liquor.  By  means 
of  the  proof  stick,  the  pan-boiler  withdraws  a  small  sample  of  the  liquid 
and  examines  it  upon  a  glass  plate  by  transmitted  light.  He  continues  the 
concentration  and  these  tests  until  a  sufficient  number  of  crystals  have 
separated,  dependent  upon  the  grade  of  sugar  he  is  making,  and  then 
achnits  a  small  charge  of  syrup  to  the  pan  and  frees  up  the  boiling 
material,  being  careful  not  to  remelt  the  almost  tnicroscopic  crystals  nor 
to  cool  the  liquor  sufficiently  to  cause  additional  crystals  to  form. 

In  the  second  method  of  graining,  the  concentration  of  the  syrup  is 
continued  until  the  appearance  of  the  thread,  formed  by  rapidly  separating 
the  thumb  and  finger  moistened  with  the  test  sample,  shows  that  the  liquor 
is  sufficiently  saturated  with  sugar.  The  pan-boiler  now  increases  the 
injection  of  cold  water  into  the  condenser,  thus  increasing  the  vacuum  and 
cooling  the  material  in  the  pan.  The  boiling  mass  becomes  supersatu- 
rated with  sugar  and  minute  crystals  immediately  form.  A  small  charge 
of  syrup  is  now  admitted  to  the  pan  and  the  concentration  of  the  material 
is  so  regulated  that  no  more  crystals  form. 

It  requires  considerable  skill  in  graining  to  form  the  requisite  number 
of  crystals.  If  an  insufficient  number  is  formed,  the  crystals  will  grow 
large  and  later  in  the  operation  there  will  not  be  enough  crystal  surface, 
and  new  grain,  "  false  grain,"  will  form,  and  the  mother  liquor  will  be  rich 
in  sugar.  False  grain  impedes  the  subsequent  process  of  purging  the  sugar 
and  reduces  the  yield.  Too  many  crystals  result  in  sugar  of  too  small- 
sized  grain. 

After  the  formation  of  the  crystals  the  pan-man  continues  the  boiling 
injecting  syrup  by  charges  or  continuously  if  he  so  elect,  to  compensate 
for  the  water  evaporated,  and  obtain  a  saturated  solution,  but  always 


avoiding  temperature  and  other  conditions  favorable  to  further  formation 
of  cr>'stals.  The  charges  must  be  large  enough  to  enable  the  crjsttJs 
to  circulate  freely  but  not  too  large  in  proportion  to  the  crystal  surface. 
This  forces  the  sugar  to  deposit  upon  the  crystals  already  present,  which 
soon  grow  to  the  desired  size.  The  material  is  now  concentrated  to  a 
-solid  content  of  about  92  per  cent  or  more  and  is  termed  "  massecuite." 
The  steam  is  now  shiit  off,  air  is  admitted  to  the  pan,  and  tlie  "  strike  " 
is  discharged  through  the  valve  into  suitable  recipients.  In  making 
hard  grained  sugars  a  high  temperature  is  maintained  until  near  the  end 
of  the  operation,  and  on  the  contrarj',  a  very  high  vacuum  and  low  tem- 
peratures, produce  sugars  of  low  polarization,  composed  of  soft  crystals. 

In  making  small-grained  sugar,  the  crystals  are  formed  when  the  pan 
is  about  half  filled  with  concentrated  syrup.  "  Low  graining  "  produces 
a  coarse  sugar.  If  very  lat^  crystals  are  desired,  a  part  of  the  strike  U 
removed  from  the  pan  or  is  "  cut-over  "  through  pipes  into  an  adjoining 
pan,  and  the  boiling  is  resumed.  If  the  cut-over  pipe  is  used  both  pans 
may  be  filled  with  large  grained  sugar  or  one  strike  may  continue  with 
syrup  and  the  other  be  completed  with  molasses  to  fonn  a  lower  grade 
massecuite. 

The  methods  described  are  for  liquors  rich  in  sugar  and  of  high  purity. 
In  factories  using  modem  methods,  the  mother  liquor  or  molasses  obtained 
from  a  sugar  of  the  first  crystallization  is  substituted  for  syrup,  as  stated 
above,  to  form  a  "  mixed  massecuite."  Both  the  massecuite  of  the  first 
boiling  and  the  mixed  massecuite  are  boiled  to  definite  coefficient-i  o! 
puritj',  so  that  the  molas.'^es  from  the  last  boiling  shall  cont^n  so  little 
sugar  that  it  cannot  lie  profitably  further  treated  for  sugar  extraction. 
In  this  method  the  pan  work  must  be  supplemented  by  crystallization 
in  motion  in  crjstalHzers  such  as  those  described  below.  In  two  nia-we- 
cuite  work,  the  first  is  usually  reduced  with  molasses  to  a  purity  of  76° 
and  the  mbted  massecuite  to  60";  in  the  three-massecuite  method,  the 
purities  are  respectively  about  85,  80  and  60°. 

A  crystallizer  is  a  large  tank,  fitted  with  powerful  mixing  arms,  and  L* 
made  in  three  types,  viz.,  closed  crjstahizers,  open  crystallizers,  and  vac- 
uum erystailizers.  The  closed  crystallizer  is  a  horizontal  cylindrical 
mixing  vessel  provitled  with  manhole,  and  charging  and  discharging  con- 
nections. The  open  crystallizer  is  similar  to  the  closed  and  differs  in 
having  the  upper  si<le  open,  exposing  a  large  area  of  massecuite  to  the  air. 
The  vacuum  crystallizer  differs  from  the  closetl  in  having  vacuutn  connec- 
tions and  its  lower  half  steam-jacketed.  It  is  in  fact  a  slow-boiling  vacuum 
pan  with  forced  circulation  of  the  massecuite.  The  closed  and  open  type 
are  sometimes  provided  with  a  water  jacket  for  controlling  the  tempera- 
ture, but  this  is  not  usual  in  the  cane-siigar  industry. 

There  are  many  methods  of  using  crystallizers,  but  a  usual  one  in  cane- 
sugar  factories  is  to  Iwil  a  strike  of  mixetl  massecuite,  injecting  molasses  as 
described,  and  runnine  it  into  the  cr%-staHizer,     Here  the  i 


constantly  stirred  during  three  or  four  days  or  until  it  cools  down  to  the 
desired  temperature.  The  crjstals  are  kept  in  constant  motion  to  bring 
them  into  contact  with  the  sugar  in  solution;  thus  the  sugar  deposits 
upon  these  crystals  instead  of  forming  new  ones. 

Many  factories  still  simply  concentrate  the  molasses  that  is  rich  enough 
to  crystallize,  to  "  string  proof,"  or  "  blank,"  ami  run  it  into  tanks  to  crys- 
tallize at  rest.  The  proof  is  determined  as  described  in  the  second  method 
of  graining,  by  separating  the  thumb  and  finger  moistened  with  the 
molasses,  thus  forming  a  thread,  or  more  often,  the  concentrated  molas-ses 
is  poured  from  the  proof  stick  and  the  appearance  of  the  "  string  " 
formed  is  noted.  The  crystals  formed  at  rest  are  small,  soft  and  of  low 
polariscopic  test,  whereas  those  obtainetl  bj-  crystallization  in  motion  are 
large,  firm,  and  of  high  tes.. 

In  making  white  sugar,  sodium  hydrosulphite,  (Na2S204),  is  injected 
into  the  syrup  in  the  vacuum  pan  b>-  many  manufacturers  just  before 
graining.  This  bleaches  the  coloring  matters  and  is  believed  to  reduce 
the  viscosity  of  the  liquor.  The  bleaching  effect  is  not  very  permanent 
and  the  sugars  made  by  this  and  other  sulphuroas  acid  processes  usually 
darken  in  color,  in  storage. 

Purging  and  Curing  the  Sugar.  The  massccuite,  after  the  completion 
of  the  crystallization,  is  conveyed  to  mixers  from  which  it  is  drawn  off 
into  centrifugal  machines  for  the  .separation  of  the  molasses  from  the 
crystals. 

The  centrifugal  consists  of  a  shallow  drum  or  basket,  having  perforated 
walls  and  lined  with  finely  perforated  brass  sheets  or  brass  wire  cloth. 
A  customary  size  for  large  machines  is  40  ins.  diameter  by  24  ins.  depth. 
By  suitable  transmission  a  machine  of  this  size  is  rotated  about  1000 
revolutions  per  minute.  A  chaiTje  of  niassecuite  is  run  into  the  centrif- 
ugal, usually  while  the  latter  is  slowly  revolving  and  the  speed  is  then 
increased  until  the  molasses  is  thrown  off  by  the  centrifugal  force  and  the 
sxigar  is  retaineil  by  the  perforated  lining. 

In  making  raw  sugar  for  refining,  after  the  al>ove  treatment,  the  crys- 
tals are  ready  for  packing  and  shipment.  In  the  event,  however,  of  the 
crystals  no  testing  sufficiently  near  the  market  basis,  95  per  cent  or  96 
per  cent  by  the  polariscope,  according  to  market  conditions,  after  all  but 
the  closely  adhering  moiasses  has  been  thrown  off  by  the  centrifugal,  a 
little  water  is  sprayed  upon  the  wall  of  sugar,  which  quickly  removes  a  part 
of  the  low-test  molas.ses  from  it.  Sugars  polarizing  approximately  96° 
are  termed  "  centrifugals  "  and  are  the  ba-^is  of  market  quotations  for 
raw  sugar. 

Most  raw  sugars,  i.e,,  sugars  that  must  be  refined  before  they  enter 
into  consumption,  fall  off  in  polarization  during  storage.  This  decom- 
position is  usually  attributed  to  liacterial  activity,  A  loss  of  2  to  3  per 
cent  of  the  sucrose  is  not  unusual  during  long  storage  of  96°  sugar,  and 
the  loss  is  especially  heavy  during  sea  voyages.     Certain  districts,  notably 
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in  Java  and  the  Hawaiian  Islands,  make  sugars  that  polarize  above  98' 
and  contain  little  more  than  a  trace  of  moisture,  since  such  sugars  suffer 
little  decomposition  during  shipment  and  storage.  These  sugars  are 
crystallized  at  a  temperature  high  enough  to  produce  a  firm,  cleaa  crysta!. 
Stt^am  is  injected  between  the  casing  and  basket  of  the  centrifugal  to 
remove  the  molasses  and  dry  the  crystals  or  a  granulator,  as  descriljeil 
for  wliite  teet  sugar  may  be  used  for  drying.  ,  i- 

In  making  white  sugar  in  the  factory,  the  juice  having  been  treated 
as  described,  the  crystals  are  thoroughly  washed  in  the  centrifugal  with 
water.  Usually  a  little  ultramarine  is  added  to  the  water  **  to  kill  "  thf- 
yellow  tinge  of  the  crystals.  A  granulator  is  often  used  in  drying  white 
sugar.     (See  Beet  Sugar.) 

The  sugars  crystallized  at  rest,  from  molasses  massecuite,  consist  of 
small,  soft  crystals,  which  are  sold  on  a  market  basis  of  89°  test  or  are 
remelted  and  reboiled  to  produce  higlier  grades,  or  are  sirnply  mixed  with 
high-test  sugar  and  sold  as  such.  All  raw  cane  sugars  are  sold  upon  a 
basis  of  their  direct  polarization.  Crjstallizer  sugars  are  often  mingleil 
with  high  purity  molasses  to  form  a  magma,  which  is  mixed  and  purge<l 
with  the  first  massecuite,  thus  enabling  the  factory  to  produce  but  one 
grade  of  high  test  sugar. 

Most  modern  factories  inject  molasses  into  the  vacuum  pan.s  when 
finishing  a  strike  started  with  syrup,  or  in  some  cases  sugar  crystallizt^l 
at  rest  is  used  in  the  pan  as  '*  seed  '*  in  starting  a  strike  to  be  finished  \iith 
molasses.  The  object  is  to  produce  only  one  grade  of  sugar  and  spent 
molasses. 

The  viscous  liquid  residue  after  the  removal  of  the  crystals,  the  cr}s- 
tallization  ha\ang  been  carried  as  far  as  is  commercially  profitable,  is 
termed  "  final  molasses,"  or  in  the  markets  simply  "  molasses."  With 
excellent  manufacture  in  Cuba  this  residue  contains  about  86  i>^r 
cent  apparent  solids  (degree  Brix),  and  52  per  cent  of  total  sugars.  This 
latter  consists  of  about  36  per  cent  sucrose,  by  Clerget's  method,  and  the 
remainder  is  dextrose  and  levulose  in  variable  proportions.  The  molasses 
contains  about  9  per  cent  of  asli  and  has  an  apparent  coefficient  of  purity 
of  about  30°,  i.e.,  30  per  cent  of  the  solids  as  indicated  by  the  Brix 
hydrometer  is  sucrose  by  direct  jwlarization. 

Much  lower  coefficients  of  purity  may  be  readily  obtained  in  Louisiana 
than  in  the  Tropics,  owing  to  the  nature  of  the  impurities  in  the  juice. 
Few  tropical  factories  turn  out  molasses  of  lower  purity  than  30°,  or  even 
so  low.  The  average  yield  of  molasses  per  ton  of  cane  approximates  4  to 
6  gallons. 

A  few  Louisiana  factories  do  not  attempt  to  extract  more  sugar  than 
they  can  obtain  in  one  crystallization,  preferring  rather  to  make  a  rich 
molasses  of  good  color  that  is  suitable  for  the  baking  industry  and  the 
table,  the  high  price  of  this  product  more  than  oflFsetting  the  reduced  yield 
of  sugar. 
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The  3deld  of  commercial  sugar  varies  with  the  quality  of  the  cane,  the 
factory  equipment  and  management,  and  the  grade  of  sugar  produced. 
The  Cuban  yield  averages  a  little  over  10  per  cent  of  the  cane  of  sugar 
equivalent  to  96°  "  Centrifugals.''  A  few  factories  extract  as  high  as 
12  to  12.5  per  cent.  The  Louisiana  yield  will  probably  average  7.5  per 
cent  of  sugar. 

The  following  figures  show  the  average  composition  of  the  centrifugal 
sugars,  from  two  very  large  Cuban  factories  which  produce  but  one  grade 

of  product: 

.1  B   1 

Sucrose,  direct  polarization per  cent  95.90  95.73 

Sucrose  by  Clerget  method ^\  96.38  96.46 

Moisture "  1.20  1.31 

Glucose "  0.97  0.92 

Ash "  0.59  0.42 

Beet  Sugar 

Raw  Material  and  its  Preparation.  The  sugar  l)eet  is  grown  from  seed. 
The  rows  are  seeded  thickly  and  the  young  plants  are  thinned  to  leave 
vigorous  ones  a})out  6  ins.  apart  in  the  row.  The  desirable  beet  is 
small,  the  topped  root  weighing  about  a  pound,  and  is  tapering,  some- 
what top-shaped,  regular  in  form  and  has  few  rootlets.  Large  beets  are 
not  usually  as  rich  as  the  small  ones  described. 

In  addition  to  the  carbohydrates  sucrose,  raffinose  and  occasionally 
slight  traces  of  invert  sugar,  the  following  organic  substances  have  been 
found  in  sugar  beets:  Oxalic,  formic,  citric,  malonic,  succinic,  aconitic, 
tricarbollicylic,  oxycitric,  malic  and  tartaric  acids,  chlorophyll,  betaine, 
asparagine,  glutanine,  leucine,  legumine,  tyrosine  and  the  xanthine  bodies, 
xanthine,  guanine,  hypoxanthine,  adenine  and  camine.  The  following 
decomposition  products  were  identified  by  von  Lippmann:  Arginine, 
guanidine,  allantonine,  vernine,  vicine,  and  in  the  young  plant  alloxan- 
thine.  The  decomposition  of  these  bodies  is  the  source  of  the  ammonia 
set  free  in  the  manufacture  and  drawn  off  from  the  calandrias  of  the  mul- 
tiple effect.  The  following  non-nitrogenous  bodies  are  also  present  in  the 
})eet:  Lecithine,  pectose,  pectase  and  coniferine.  The  mineral  constit- 
uents include  the  following  substances:  salts  of  potassium,  sodium,  rubid- 
ium, vanadium,  calcium,  magnesium,  iron,  and  manganese  and  the  fol- 
lowing acids  in  combination  with  the  inorganic  constituents:  Hydrochloric, 
sulphuric,  nitric,  phosphoric  and  silicic  acids.  Our  knowledge  of  the  com- 
position of  the  beet  is  largely  due  to  Scheibler,  Schultze  and  Boshard  and 
von  Lippmann.  These  data  are  largely  from  an  article  by  von  Lippmann*, 
also  from  Sidersky\s  TraiU  d' Analyse  de  Matieres  Sucrees  and  Horsin- 
Deon's  Traiie  de  la  Fabrication  du  Sucre. 

In  preparing  the  beets  for  the  factory,  they  are  topped  at  the  lowest 
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leaf  scar  and  are  then  hauled  to  the  factory  where  they  are  stored  in  sheds 
or  in  the  open  upon  platforms,  according  to  climatic  conditions.  When 
necessary  to  pile  the  beets  in  the  field  for  any  length  of  time,  they  are  pro- 
tected by  a  light  covering  of  leaves  or  earth.  Climatic  conditions  deter- 
mine the  methods  of  storage.  In  very  cold  even  climates  in  the  United 
States  very  large  piles  of  beets  have  been  successfully  stored  on  open  plat- 
forms. The  frost  affects  only  the  outer  layers,  and  as  the  tha\iing  is 
gradual  the  beets  are  but  little  damaged. 

The  beets  are  flushed  to  the  factory  in  flumes,  waste  water  being  used 
largely  for  this  purpose.  They  are  elevated  to  the  washing  machines  by 
an  apparatus  which  also  removes  many  of  the  adhering  stones  and  are 
thoroughly  cleansed.  From  the  washing  machines  they  are  elevated  to 
automatic  scales,  above  the  slicers,  for  weighing. 

Extraction  of  the  Juice.  The  juice  is  extracted  by  the  diflfusion  proc- 
ess. The  washed  and  weighed  roots  are  conveyed  to  the  slicing  machines, 
which  cut  them  into  more  or  less  V-shaped  slices  or  cossettes.  The  sUces 
are  packed  loosely  in  the  cells  of  the  diffusion  battery,  which  extracts  the 
juice  by  a  somewhat  imperfect  process  of  dialysis. 

The  diffusion  battery  consists  of  a  num})er  of  cylindrical  iron  vesi?els, 
usually  twelve,  with  suitable  pipe  connections,  heating  de\nces  and  top 
and  lx)ttom  doors.  The  pipes  are  so  arranged  that  the  liquid  may  l)e 
conducted  from  one  vessel  to  the  next,  entering  at  the  top  or  bottom,  at 
the  will  of  the  operator,  and  permitting  any  vessel  to  be  disconnected  from 
the  series  for  charging  with  slices  and  discharging  the  spent  pulp.  A  general 
view  of  the  upper  part  of  a  circular  diffusion  battery  is  sho\\Ti  in  Fig.  311. 

In  operating  the  battery,  a  vessel  or  diflfuser  is  filled  with  beet  slices, 
then  warm  water  is  turned  into  it  at  the  bottom  connection,  driving  out 
the  air  through  a  cock  in  the  cover;  by  the  time  this  diffuser  is  filled  \^nth 
water,  the  next  one  has  been  charged  with  beet  slices;  the  direction  of  the 
current  of  liquid  in  the  first  is  reversed,  the  water  now  entering  at  the  top, 
and  the  thin  juice,  as  it  now  is,  passes  into  the  second  diffuser  at  the  lx)t- 
tom,  expelling  the  air  as  from  the  previous  vessel.  The  thin  juice  is  heated 
in  transit  and  passes  into  successive  diffusers  as  they  are  filled  with  slices. 
When  about  ten  or  eleven  vessels  have  been  filled,  according  to  the  number 
in  the  battery,  a  measured  volume  of  juice  is  drawn  from  the  last  one  filled, 
the  water  pressure  applied  at  the  first  diffuser  of  the  series  forcing  the 
juice  to  circulate.  Air  pressure  is  used  in  many  factories,  when  drawing  a 
charge  of  juice,  to  promote  economy  of  water  and  sugar.  The  use  of  water 
is  preferable,  as  with  it  the  exhausted  pulp  may  be  flushed  through  canals 
to  the  elevators.  The  spent  pulp  is  elevated  to  continuous  presses  in 
which  a  large  part  of  its  water  is  expressed.  The  juice  drawn,  as 
described,  is  strained  through  depulpers  and  conducted  to  tanks  for  the 
next  stage  of  the  manufacture. 

*  Bid.  dc  r Assoc.  Chimistes  de  France,  14,  691,  S19. 
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The  slices  in  the  first  diffuser  of  the  series  are  now  practically  exhausted, 
hut  0.15  per  cent  sucrose,  more  or  less,  remaining  in  them.  This  vessel  is 
disconnected  from  the  series  and  the  exhausted  pulp  or  cossettes  discharged 
from  it. 

From  now  on  each  time  a  vessel  is  charged  ivith  beet  slices  and  juice,  a 
measured  volume  of  juice  is  drawn  from  it  and  the  spent  pulp  is  removed 
from  the  first  diffuser  of  the  series,  each  diffuser  in  regular  order  containing 
the  exhausted  pulp.  The  rate  of  filling  the  diffusers  <iepends  upon  their 
shape,  size,  the  numher  in  the  battery  and  the  capacity  of  the  factory. 
The  usual  rate  of  filling  is  a  diffuser  of  beets  every  six  to  seven  minutes. 


The  control  of  the  battery  temperatures  is  of  the  highest  importance, 
as  the  slices  must  not  be  overheatetl  or  they  will  mat  and  impede  the  cir- 
culation of  the  juice,  and,  besides,  excessive  heat  favors  the  extraction  of 
other  bodies  than  sugar;  deficient  heat  results  in  an  imperfect  extraction 
of  the  sugar.  The  temperature  conditions  vary  in  different  factories  and 
also  with  the  quality  of  the  beets.  With  perfectly  sound  beets  a  maximum 
temperature  from  80-84°  C.  usually  gives  good  results,  but  the  heat  must 
never  be  sufficient  to  soften  the  slices. 

The  volume  of  juice  to  be  dnnvn  from  each  diffuser  must  be  carefully 
controlled.  If  too  little  is  drawn  the  extraction  of  sugar  is  imperfect  an<l 
too  nmch  unnecessarily  dilutes  the  juice  and  causes  waste  of  fuel.  The 
usual  "  draw  "  is  from  100  to  110  liters  of  juice  per  100  kilos  of  beets,  the 
.juantity  varying  with  the  quality  of  the  beets  and  the  cost  of  fuei. 
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As  may  be  seen  from  the  above  description,  the  diffusion  process 
depends  upon  osmosis,  the  cell  walls  of  the  l)eet  taking  the  place  of  the 
parchment  paper  in  the  ordinary  process  of  dialysis.  It  is  therefore  very 
necessary  that  the  knives  of  the  slicers  be  very  sharp,  in  order  that  as  few 
cells  as  possible  may  be  ruptured. 

The  exhausted  pulp  is  used  for  stock  food.  In  recent  years  many 
factories  desiccate  the  pulp  to  facilitate  shipment  to  distant  markets  and 
to  permit  of  its  use  as  an  absorbent  of  liquid  foods,  such  as  molasses. 

The  yield  of  desiccated  pulp  is  approximately  5  to  6  per  cent  of  the 
weight  of  the  beets  worked. 

Purification  of  the  Juice.  The  beet  juice  always  contains  very  fine  pulp 
that  passes  the  strainers  of  the  diffusion  battery.  This  pulp  is  largely 
removed  by  special  strainers  called  "  depulpers,"  and  a  part  of  it  is  carried 
down  with  the  carbonate  of  lime  in  the  purification  of  the  juice. 

The  simple  defecation  process  as  applied  to  cane  juice  does  not  give 
satisfactory  results  with  the  beet.  The  juice  is  first  defecated  with  lime 
and  then  the  latter  is  precipitated  with  carbonic  acid,  hence  the  name 
*'  carbonatation  process  "  is  applied  to  the  method  of  treatment. 

The  juice  is  run  into  large  tanks,  where  it  is  limed;  milk  of  lime  or 
quicklime  equivalent  to»about  2  to  2.5  per  cent  or  even  more  of  the  weight 
of  the  beets  of  calcium  oxide  is  added.  Factories  equipped  with  the 
Steffen  saccharate  process  for  the  extraction  of  the  sugar  from  the  molasse:^. 
described  farther  on,  use  the  tribasic  saccharate  of  calcium  in  part,  in 
liming. 

The  temperature  of  the  juice  should  be  from  70  to  80°  C.  and  may 
reach  85**  with  sound  beets.  Formerly  much  lower  temperatxires  were 
advised  than  are  now  employed. 

The  liming  is  followed  by  the  double  or  even  triple  carbonatation  proc- 
ess. Both  the  liming  and  carbonatation  are  usually  spoken  of  as  the 
**  carbonatation  process." 

Carbonic  acid  is  forced  into  the  juice  through  distributing  pipes.  The 
lime  is  precipitated  as  a  carbonate  and  salts  of  the  acids  of  the  juice.  The 
carbonate  carries  down  mechanically  many  of  the  impurities  that  have  sep- 
arated and  also  much  of  the  coloring  matter.  The  injection  of  carbonic 
acid  is  continued  until  the  juice  retains  an  alkalinity  equivalent  to  about 
1  to  1.5  grams  of  calcium  oxide  per  liter,  using  phenolphthalein  as  an 
indicator.  Should  this  carbonatation  be  carried  too  far,  many  of  the 
impurities  would  again  pass  into  solution.  The  juice  foams  considerably 
during  this  operation,  and  steam  jets,  oil  or  grease  are  used  to  beat  it 
down.  Very  deep  tanks  are  sometimes  used  to  avoid  the  necessity  of 
grease,  etc. 

The  workman  judges  the  end  point  of  the  carbonatation  by  the  app>ear- 
ance  of  the  precipitate  in  a  test  sample  of  the  juice  in  a  spoon.  He  is  also 
guided  by  the  sound  of  the  bubbles  of  gas  entering  the  juice.  More 
accurate  tests  are  made  in  many  factories  by  titration  with  a  standard  acid. 
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At  the  conclusion  of  this  carbonatation  the  juice  is  heated  to  near  its 
boiling-point  and  is  then  filter-pressed.  The  filtrate  flows  into  the  second 
carbonatation  tanks.  The  juice  usually  still  contains  suflicient  lime,  but  in 
some  factories  a  small  quantity,  about  0.25  per  cent,  is  added.  It  is  again 
carbonated,  this  time  at  a  temperature  near  100°  C.  This  is  termed 
the  "  saturation."  The  injection  of  carbonic  acid  is  continued  until  only 
slight  alkalinity  due  to  lime  remains.  In  determining  this  point,  the 
alkalinity  due  to  other  alkalis  than  lime  must  be  taken  into  accoimt.  The 
usual  alkalinity  of  the  saturated  juice  due  to  lime  is  0.01  per  cent  or 
slightly  higher. 

In  a  few  factories,  the  second  is  followed  by  a  third  carbonatation.  In 
this  event  a  higher  alkalinity  than  stated  must  be  left  in  the  saturation. 
The  second  or  third  carbonatation  is  very  often  followed  by  saturation  with 
the  sulphurous  acid  gas,  derived  from  burning  sulphur.  Sulphur  is 
always  used  in  making  white  sugar.  In  this  case,  as  before,  all  but  a 
slight  trace  of  the  lime  is  saturated. 

Should  too  much  lime  be  left  in  the  juice  from  the  last  carbonatation, 
the  evaporation  will  be  sluggish  in  the  vacuimi  pan,  and  the  "  strike  "  may 
even  not  progress  at  all.  To  avoid  this  difficulty,  either  the  last  carbonata- 
tion of  the  juice  must  be  pushed  farther  or  the  thick  juice  (syrup)  must  be 
carbonated  or  treated  with  sulphurous  acid.  If  the  sjoiip  is  treated  with 
carbonic  or  sulphurous  acid,  it  must  be  filtered.  These  acids  are  often 
used  simultaneously  in  the  treatment  of  juice  and  syrup. 

Filtration  through  presses  follows  each  carbonatation  and  the  sulpur- 
ing.   The  filtrate  flows  to  storage  tanks  preparatory  to  its  concentration. 

The  chemical  reactions  involved  in  the  purification  of  the  juice  are 
complicated  and  not  fully  known. 

The  lime  neutralizes  the  organic  and  inorganic  acids  and  some  of  these 
are  precipitated,  notably  oxalic  and  phosphoric  acids;  albuminoid  mat- 
ters are  partly  coagulated  and  precipitated.  Many  organic  non-sugars, 
such  as  albumins,  amides,  amines  and  invert-sugar  are  decomposed; 
anmionia  from  the  nitrogenous  matter  and  the  alkalis  sodiimi  and  potas- 
sium are  set  free.  The  carbonate  of  calcium  mechanically  carries  down  the 
flocculent  particles  and  much  of  the  coloring  matter.  A  little  saccharate 
of  lime  is  often  formed,  which  passes  into  the  filter  presscake. 

The  lime  forms  soluble  salts,  many  of  which  persist  throughout  the 
manufacture.  A  part  of  these  lime  salts  separates  during  the  concentra- 
tion of  the  juice  to  syrup,  forming  scale  on  the  heating  surfaces  of  the 
evaporators.  These  incrustations  consist  largely  of  calcium  carbonate, 
oxalate  and  a  very  little  sulphate.  Iron  oxide,  alumina  and  silica  from 
the  limestone  are  also  deposited.  Considerable  organic  matter  also 
separates,  including  undecomposed  fat  and  oil  used  in  beating  down  foam. 
Lime  soaps  form  a  part  of  the  incrustations.  Raw  beet  sugar  usually  has 
a  soapy  taste  and  odor.  On  opening  a  jar  of  white  sugar,  a  soapy  odor 
mav  sometimes  be  noticed. 


Evaporati<m,  Crystalluation,  Purging  and  Curing  the  Sugar.  These 
processes  and  the  apparatus  used  are  practically  the  same  as  those 
•cmploj'ed  in  the  cane  sugar  industry  already  described. 

The  American  factories  usually  produce  granulated  sugar.  The  granu- 
lator  is  simply  a  dryer  so  arranged  that  the  crystals  of  sugar  are  sejiarated 
from  one  another  during  the  progress  of  the  drying. 

The  granulator  is  a  long  sheet-iron  cylinder,  placed  in  a  nearly  horizon- 
tal position  and  arranged  so  that  it  can  be  revolved.  Narrow  deflecting 
plates  or  shelves  are  attached  to  the  inside  walls  of  the  cylinder  and  extend 
throughout  its  length.  The  apparatus  is  inclined  slightly  toward  the  dis- 
charge end,  at  which  are  attached  wire  screens  for  sifting  the  sugar;  there 
is  also,  at  this  end,  a  small  room,  one  wall  of  which  is  formed  of  .steam  coils. 
A  steam  drum  extends  from  end  to  end  of  the  dryer  at  its  axis.  M  the 
inlet  end  of  the  apparatus  there  is  a  suction  fan  to  draw  air  through  it  ami 
a  hopper  for  feeding  in  the  moist  sugar.  There  are  several  types  of  tlryors, 
but  all  depend  upon  the  same  principles. 

As  the  sugar  leaves  the  centrifugal  machine  it  is  elevated  to  a  mixing 
floor.  It  is  here  thoroughly  mixed,  since  all  the  pans  of  sugar  and  all  the 
centrifugal  chaises  are  not  of  uniform  color. 

The  sugar  is  next  fe<l  into  the  granulator  or  drjer,  through  whieli  a 
current  of  hot  air  is  drawn  by  the  suction  fan.  The  crystals  are  carried 
upward  by  the  revolving  cylinder  and  in  falling  from  the  shelves,  through 
the  heated  air,  are  separated  and  dried-  By  reason  of  the  inclination  of 
the  dryer  the  sugar  travels  to  the  discharge  end,  where  it  is  cla.ssified  liy 
the  sieves  and  delivered  to  the  packing  spouts. 

The  yield  of  sugar  from  beets,  cftlculatc<l  to  a  raw  sugar  basis,  ha.^^ 
reached  as  high  an  average  as  17  per  cent  of  the  weight  of  the  roots  in 
Gennany  and  Austria.  The  yield  is  somewhat  smaller  in  the  other  Euro- 
pean countries. 

The  following  is  an  analysis  of  a  raw  beet  sugar:  Polarization,  94.74; 
ash,  1,12  pw  cent;  moisture,  1.80  per  cent;  glucose,  none;  organic  non- 
eugar,  2.34  per  cent.  The  high  ash  content  as  compared  with  cane  sugar 
should  be  noted. 

Extraction  of  the  Sugar  from  the  Molasses.  In  the  treatment  of  the 
beet  juice  by  the  methods  described,  it  parts  with  many  of  its  impurities, 
yet  many  remain  to  impede  the  crystallization  and  cause  the  formation  of 
the  viscous  after-product,  mola-sses.  The  niola.'ises  from  the  beet  has  an 
apparent  coefficient  of  purity  of  about  60"  i.e.,  60  per  cent  of  its  apparent 
solids  (degree  Brix)  is  sucrose.  As  may  be  noted  in  the  cane-sugar  part 
of  this  chapter,  molasses  purities  below  30"  arc  readily  obtained  with  cane. 
This  difference  is  due  to  the  nature  of  the  impurities  that  retard  crjstalliza- 
tion.  Beet  molasses  contains  about  50  per  cent  of  sucrose  and  but  a  trace 
or  no  dextrose  and  levulose  and  about  11  per  cent  mineral  matter,  a  largi- 
part  of  wlii(h  consists  of  mela-ssigenic  salts.  Cuba-cane  molasses,  on  the 
coiilran-.  contains   much    dextrose   and   levulose.    about-  25   oer  cent  of 


sacrose,  by  direct  polarization,  and  9.0  per  cent  mineral  matter.  Cane 
molasses  obtained  by  modern  methods  of  manufacture  is  not  usually 
suitable  for  table  use  and  does  not  contain  sufficient  sugar  to  justify 
the  installation  and  operation  of  plants  for  the  removal  of  the  sugar.  Beet 
molasses  is  of  very  disagreeable  taste,  is  rich  in  sucrose,  and  the  absence 
of  dextrose  and  levulaie  makes  the  extraction  of  the  sugar  by  precipitation 
quite  simple. 

Three  molasses  processes  arc  now  in  practical  ase,  viz.,  osmosis  and 
the  strontium  and  calcium  saccharate  proces.scs. 

The  Osmose  Process  is  now  little  used  in  the  European  factories,  but 
has  found  some  application  in  this  country.  As  the  name  implies,  this 
is  a  dialytic  process. 

The  molasses  is  diluted  with  water  to  a  density  varying  with  its  value 
and  the  cost  of  manufacture,  and  is  usually  such  that  the  osmosed  molasses 
shall  flow  from  the  dialyzer  or  osmog^ne  at  a  density  of  about  35°  Brix. 

The  osmog^ne  has  somewhat  the  appearance  of  a  filter  press,  and  con- 
sists of  wooden  frames  separated  from  one  another  by  parchment  paper, 
thus  forming  shallow  chambers.  These  chamljers  have  suitable  outlets  and 
inlets  for  water  and  molassas  so  arranged  that  these  liquids  shall  be  sep- 
arated from  one  another  by  the  parchment.  In  operating  the  osmogSne, 
the  molasses  solution  is  heated  to  about  90°  C.  and  the  water  to  100°  C.  and 
these  both  are  circulated  through  the  apparatus.  The  operation  is  con- 
trolled by  the  density  of  the  outflowing  molasses  and  water  charged  with 
salta  and  some  sugar.  The  density  of  the  exosmose-water  should  be  about 
3  to  5°  Brix,  this  number  varj-ing,  however,  with  commercial  condi- 
tions. 

A  part  of  the  crystalloids  pass  through  the  parchment  into  the  water, 
including  some  sugar.  Since  much  of  the  mineral  matter  is  crystallizable, 
t  his  largely  passes  through  the  parchment,  and  the  saline  coefficient  of  the 
molasses  is  very  much  improved,  also  its  coefficient  of  purity.  The  rise 
in  purity  permits  an  additional  quantity  of  sugar  to  be  recovered  by  erys- 
talhzation.  There  is  always  a  molasses  residue  with  this  process.  .  Osmosis 
is  sometimes  used  in  conjunction  with  a  saccharate  process.  The  waters 
are  usually  run  to  waste,  or  maybe  concentrated  and  a  part  of  the  potash 
salts  recovered  by  crystallization. 

Scheibler-s  Strontium  Process.  This  proce.ss  is  used  in  Europe  and 
not  at  all  in  this  countrj'.  The  lack  of  application  here  is  probably  due 
to  difficulty  in  obtaining  strontianite  and  to  conditions  favorable  to  the 
lime  and  osmosis  processes. 

In  Scheibler's  strontium  process  the  actual  precipitation  and  removal 
of  the  sugar  are  readily  accomplished,  but  the  nece.s.sity  of  recovering  the 
expensive  precipitant  makes  the  process  as  a  whole  somewhat  complicated. 

A  solution  of  strontium  hydrate  is  heated  to  Q5''~70°  C.  and  then  suffi- 
cient molas.ses  of  this  temperature  to  form  dibasic  strontium  saccharate 
with  the  strontium  oresent  is  added  with  viKorous  stirrine.     The  heatimr 
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is  continued  to  100^  C,  with  stirring.  The  dibasic  saccharate  of  strontium 
precipitates.  The  precipitate  is  collected  in  filters  and  washed  with  a 
strontia  solution.  The  saccharate  is  transferred  to  small  ciystailizer^. 
where  it  is  cooled  to  5°-6^  C.  and  this  temperature  is  maintained  until  the 
strontium  hydrate  crystallizes,  leaving  the  sugar  in  a  solution  containing 
some  strontia.  The  crystals  are  removed  by  filtration,  washed  with  a 
cold  solution  of  the  hydrate,  and  then  serve  in  treating  another  lot  of 
molasses.  The  combined  sugar  solution  and  the  washings  of  the  crystals 
are  carbonated  for  the  precipitation  of  the  strontium.  After  filtration 
the  sugar  solution  is  mixed  with  beet  juice  in  the  factory-  or  is  concentrateii 
alone  for  the  cr>'stallization  of  its  sugar. 

The  mother  liquor  on  standing  deposits  a  large  part  of  its  strontia. 
The  residue  of  this,  after  decantation,  is  carbonated.  The  carbonate 
precipitated  in  this  and  the  preceding  operations,  together  with  the  strontia 
from  the  mother  liquor,  are  formed  into  briquettes,  and  calcined  with  suffi- 
cient strontianite  to  compensate  for  the  losses.  After  calcination  the 
oxide  is  treated  with  water  and  the  resulting  very  pure  strontium  hydratt* 
solution  is  decanted  from  the  sediment  and  the  salt  is  recovered  by  crj-s- 
tallization. 

The  following  chemical  reaction  is  involved  in  this  process: 

Ci2H220ii+2Sr(OH)2  =  Ci2H220ii-2SrO+2H20. 

The  monobasic  saccharate,  C12H22O11  SrO,  was  also  used  by  Scheibler 
in  one  of  his  processes.  There  have  been  many  modifications  of  his 
strontium  processes,  but  in  general  these  relate  to  the  machinery-  and  the 
methods  of  recovering  the  strontia. 

Steffen's  Lime  Process.  This  method  known  as  the  ''separation  proc- 
ess," in  which  the  sugar  is  precipitated  as  a  tribasic  lime  saccharate,  is 
the  only  one  involving  precipitation  in  use  in  this  country.  Steffen 
devised  other  lime  processes,  but  this  is  the  only  one  in  extensive  use. 

Steffen^s  separation  process  depends  upon  the  precipitation  of  a  granu- 
lar or  crystalline  saccharate.  He  discovered  that  such  a  precipitate  l> 
formed  in  the  cold.  The  application  of  this  process  therefore  involves  the 
use  of  refrigerating  apparatus  except  where  conducted  in  winter  in  coltl 
climates. 

The  precipitant  is  freshly  burned  quicklime  ground  to  an  impalpable 
powder.  The  molasses  is  diluted  to  about  12*^  Brix  in  a  round  mixer. 
fitted  with  cooling  pipes,  mixing  arms,  thermometer,  test  cocks  and  a 
measuring  device  for  the  lime.  The  solution  is  cooled  to  about  15**  C.  and 
then  small  measured  quantities  of  lime  are  added  to  it  at  intervals  with 
very  vigorous  stirring,  the  temperature  being  kept  imder  control  and  at 
about  15*^  C.  The  temperature  must  be  lowered  after  each  addition  of 
lime.  After  sufficient  lime  has  been  added  to  precipitate  the  sugar,  with  an 
excess  to  provide  for  that  hydrated,  as  is  noted  by  the  density  of  the  mother 
liquor  obtained  by  filtering  a  test  sample,  the  contents  of  the  mixer  are 
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pumped  into  filter  presses,  where  the  precipitate  is  collected  and  washed 
with  cold  water.  The  filtrate  is  usually  rejected  or  a  part  of  it  is  used, 
together  with  the  wash  water,  which  carries  a  little  saccharate,  in  diluting 
subsequent  portions  of  molasses. 

The  precipitate  was  at  first  thought  to  be  tribasic  saccharate  of  calcium, 
Ci2H220ii-3CaO.  The  exact  composition  is  apparently  unknown.^ 
When  the  writer  visited  the  works  at  Elsdorf,  Germany,  to  report  on  this 
process  to  the  U.  S.  Department  of  Agriculture  ^  he  was  informed  by  the 
chemist  that  the  washed  precipitate  contains,  from  97  to  98  per  cent  of 
Ci2H220ii-3CaO  and  that  an  average  of  93.4  lbs.  of  properly  prepared 
lime  powder  is  required  per  100  lbs.  sucrose  in  the  molasses.  The  quan- 
tity of  lime  used  depends  upon  its  quality,  fineness  of  the  powder,  and  the 
temperature  maintained  in  the  molasses  solution.  A  too  high  temperature, 
coarse  powder  or  too  rapid  addition  of  the  lime,  cause  the  latter  to  hydrate 
in  part.    Some  hydration  of  the  lime  cannot  be  avoided. 

The  saccharate  of  lime  is  used  in  liming  the  beet  juice  in  the  carbonata- 
tion  process. 

If  the  factory  treats  only  its  own  molasses  product,  additional  lime  is 
necessary  for  the  juice.  When  the  quantity  of  saccharate  is  in  excess  of 
that  required  to  supply  the  lime  for  the  carbonatation,  the  surplus  is  added 
to  a  large  proportion  of  hot  beet  juice  and  is  filter-pressed  ,«or  it  may  be  broken 
up  in  hot  water.  Two-thirds  of  the  lime  is  removed  by  this  treatment,  and 
the  filtrate  may  be  used  in  part  in  diluting  molasses  or  it  may  becarbonated, 
filtered  and  the  filtrate  concentrated  for  the  crystallization  of  the  sugar. 

Sugars  obtained  by  a  saccharate  process  usually  contain  notable  pro- 
portions of  raffinose,  and  the  peculiar  shape  of  the  crystals  often  observed 
is  attributed  to  this  sugar.  It  was  at  first  thought  that  the  raffinose  was 
due  to  decompositions,  but  it  is  now  known  that  it  is  derived  directly 
from  the  beet  itself. 

Residual  Molasses  from  the  Cane  and  Beet.  Except  where  a  sac- 
charate process  is  used  there  is  always  a  residual  molasses  from  the  beet. 
C'ane-sugar  factories  always  produce  a  final  molasses,  the  average  quantity 
of  which  is  about  4  to  6  gallons  per  ton  of  cane  in  tropical  factories  making 
raw  sugar.  Cane  molasses  is  utilized  in  rum  and  alcohol  manufacture 
and  in  stock  feeding.  Beet  molasses  is  also  used  in  feeding  and  in  making 
alcohol.  The  residue  from  the  distilleries  of  Europe  is  concentrated  and 
the  organic  matter  is  burned,  leaving  an  ash  very  rich  in  potash.  Sul- 
phuric acid  is  added  to  the  mass  before  burning  to  reduce  the  loss  of  the 
nitrogen.     The  ash  is  used  as  a  fertilizer. 

Cane  molasses  of  good  color  from  the  manufacture  of  white  and  high- 
grade  yellow  sugars  is  used  in  the  baking  industry  and  as  a  table  syrup. 

There  are  many  small  industries  in  which  molasses  is  utilized. 

^  "  Beet  Suj;ar  Manufacture,"  Claa«sen,  Hall  and  Rolfe's  translation,  p.  213;  "  Beet 
Sugar  Manufacture  and  Refinins;,"  Ware,  Vol.  11,  p,  491. 
*  Bui.  o  Chem.  Div.  U.  S.  Dept.  Agric. 


Sugar  Refining 

Raw  MAterial.  The  majority  of  the  cane-sugar  factories  make  a  raw 
HUgar  testing  about  95  to  96°  by  the  polarisoope  and  known  commercially 
as  "  centrifugal  sugar  ";  many  factories  also  make  a  lower  grade,  a  soft 
sugar,  crystallized  at  rest  in  tanks  and  testing  about  89'  or  lower.  There 
ai-e  still  a  few  small  cane  factories  that  do  not  use  vacuum  apparatus, 
hut  concentrate  the  juice  until  it  is  saturated  with  sugar  in  open  vessels, 
then  run  it  into  coolers  to  crystallize.  The  sugar  produced  in  thi.-j  way 
is  called  "  muscovado."  The  refining  grades  of  beet  .sugar  are  similar  iti 
appearance  to  cane  sugar,  but  have  a  disagreeable  odor  and  taste.  An 
arbitrary  deduction  is  made  from  the  polariscope  test  of  raw  beet  su(tar 
to  ascertain  the  "  analysis  "  or  "  titrage,"  assumed  to  be  the  refining  value, 
upon  which  the  market  price  is  based.  The  deduction  is  usually  five 
times  the  percentage  of  ash. 

Mingling  and  Washing.  The  raw  sugar  is  carried  by  elevators  to 
mingling  machines  where  a  magma  is  made  of  it  by  the  addition  of  syrup. 
This  magma  is  then  purged  in  ccntrifiigal  machines  as  in  raw-sugar  work, 
and  the  sugar  is  washetl  with  water  to  bring  it  to  a  high  test.  This  washetl 
sugar  is  melted  to  form  a  heavy  syrup  and  it  and  the  washings  from  it 
are  pumped  to  separate  blow-up  tanks,  i.e.,  tanks  fitted  with  perforatetl 
steam  coils,  for  purification.  Small  quantities  of  lime  and  phosphoric 
acid  are  added  to  the  liquor  in  the  blow-ups  and  it  is  heated  by  blowing 
steam  into  it.  The  lime  is  added  in  proportions  to  neutralize  the  acidity 
of  the  sugar  solution  and  that  of  the  phosphoric  acid.  The  refineric:' 
usually  use  super-phosphate  of  lime  derived  from  wa.ste  bone-black  treatwl 
with  hydrochloric  acid  instead  of  the  pure  phosphoric  aci<l.  The  pro]>or- 
tions  of  lime  and  phosphate  must  be  such  that  a  granular  precipitate  forms, 

Filtration.  The  sugar  liquor  flows  from  the  blow-ups  through  bag  filters 
and  thence  to  animal  charcoal  or  bone-black  filters.  The  bag  filters  remove 
the  mechanical  impurities  and  the  charcoal  the  coloring  matter,  also  certain 
impurities  by  absorption.  The  high^trade  liquor  from  the  melted  sugar 
is  first  run  upon  the  charcoal  and  is  later  followed  by  the  washingr^- 
When  the  charcoal  no  longer  decolorizes  the  solutions  properly,  the  sugar 
is  washed  from  it  with  water  ami  is  largely  recovered.  The  charcoal  is 
(iried  and  then  heated  in  tubular  kilns,  out  of  contact  with  the  air,  to 
burn  off  the  organic  impurities  it  has  absorbed.  This  is  termed  the 
revivification  of  the  l>one-black  or  "char."  The  char  is  used  a  gn-at 
many  times,  being  revivified  after  each  use.  A  small  quantity  of  new  char 
is  added  from  time  to  time  to  make  up  for  loss  in  dust,  etc.  The  filter 
bags  soon  fill  with  "  mud."  This  h  washed  from  the  bags  and  together 
with  the  wash  water  is  filter-pressed. 

The  water  us<'d  in  washing  the  bone  black,  the  "  char  swe<'t  water." 
and  the  filtrate  from  the  mud  presses  are  concentrated  to  a  syrupy  consist- 
rnce   and   mi\ed   with  the  raw  siisar  Wiishincs.     The   thin  suTM-t-n-ntJ-r 


from  tlip  bag  filter  and  the  washings  from  the  raw  sugar  packages  arc  usod 
in  melting  the  waslied  augar. 

Crystallizatitm  and  Curing  the  Sugar.  The  sugar  is  crystallized  in 
vacuum  pans  as  described  for  the  raw  sugar  industries,  except  that  as  the 
liquors  start  with  a  very  high  purity  repeated  crystallization  is  necessary 
to  sufficiently  impoverish  the  final  molasses  residue.  The  crystals  are 
purged  of  molasses  in  centrifugal  machines. 

The  liquor  and  washings  are  l)oiied  separately,  the  former  to  make 
two  or  three  pans  of  granulated  sugar  and  the  latter  to  make  a  strike  of 
'■  ofT-coior  granulated."  The  syrup  from  the  granulated  sugar,  when 
of  too  (lark  color  but  of  sufficient  purity,  is  again  char  filtered  and  is 
lM)ile(l  to  make  off-granulated  sugar.  The  syrups  from  oft-granulate<l 
sugars  are  boiled  to  grain  and  the  crjstaHization  is  completed  in  crystal- 
lizers.  This  crystallizer  sugar  is  termed  "  remelts  "  and  is  melted  to  form 
li(luor  for  granulated  sugar;  the  syrup  from  the  remelts  is  disposetl  of 
as  "  barrel  syrup." 

The  subsequent  stages  of  the  manufacture  depend  upon  the  grade 
of  refined  sugar  to  be  made.  Granulated  sugar  is  made  as  described  for 
l>eet  sugar  by  drying  and  separating  the  crystals  in  a  granulator  or  dryer. 
Cubes  are  formed  in  a  molding  machine  from  moist  sugar  and  are  drietl 
in  an  oven.  The  yellow  and  soft  white  sugars  are  made  from  liquors  of 
these  colors.  The  yellow  color  of  the  liquors  is  due  to  repeate<l  boiling. 
Loaf  sugar  and  tablets  are  cut  or  broken  from  loaves  or  slabs  molded  from 
white  massecuite. 

There  are  many  grades  of  refined  sugar,  the  cla.ssification  depending 
upon  color,  grain,  etc. 

Molasses.  The  molasses  is  reboileil  for  refined  sugar  as  often  as  its 
color  and  purity  permit.  When  the  color  is  too  dark  or  the  purity  is  too 
low  it  is  boiled  to  make  low-gra<le  refining  sugar  which  is  remelted  and 
refined. 

The  refining  residual  molasses  is  sometimes  filtered  through  bone-black 
to  improve  its  color  and  it  is  usually  sold  as  barrel  syrup  for  baking  and 
table  use. 

Raw-sugar  factories  term  the  concentrated  juice  from  which  no  sugar 
has  iK^n  removed,  "  syrup,"  The  refineries,  on  the  contrary,  use  the  word 
to  indicate  a  solution  from  which  a  part  of  the  sugar  has  been  removed, 
as  a  distinction  from  "  liquor,"  a  solution  from  which  no  sugar  has  been 
crystallized. 
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STARCH,  GLUCOSE,  DEXTRIN  AND  GLUTEN 
G.  W.  ROLFE 

Magsackusellt  InslUiUf  of  Teeknoloffy,  Boston,  Mass. 

Starch  and  Starch  Granules.  Starch  is  widely  distributed  in  the 
tissues  of  the  higher  plants,  and  makes  up  the  larger  part  of  the  soUds  of 
grains  and  tubers.  When  pure,  it  is  a  fine  white  powder  having  a  density 
of  1.6  and  at  ordinary  temperature  is  quite  insoluble  in  water,  alcohol, 
ether,  or  other  common  solvents.  Under  the  microscope,  starch  appears 
as  minute,  white,  translucent  grains  varying  much  in  size  and  shape, 
but  so  eharacteriatic  that  it  is  usually  comparatively  easy  to  determine 
their  botanic  orif^n.  Morphologically,  starch  granules  can  be  divided  into 
the  following  groups: 

1.  Large  oval  granules,  showing  concentric  rings  and  a  nucleus  or 
kUum,  placed  eccentrically,  such  as  the  various  arrowroot  and.  potato 
starches,  the  potato  group. 

2.  Round  or  oval  granules  usually  showing  the  concentric  rings  and 
having  the  hilum  irregular,  as  those  from  peas,  beans  and  lentils,  the 
so-called  leguminous  starches. 

3.  Round  or  oval  granules  showing  hilum  in  centre.  This  includes 
starches  from  wheat,  barley,  rye,  acorns  and  many  medicinal  plants,  the 
so-called  wheat  group. 

4.  Granules  truncated  at  one  end,  such  as  sago,  tapico  and  cinnamon 
starches,  the  so-called  sago  group. 

5.  Small  angular  grains,  often  polygonal,  sucli  an  maize,  rice,  buck- 
wheat and  pepper  starches,  the  so-called  rice  group. 

The  size  of  these  granules  shows  great  variation  in  different  starches, 
being  from  0.005  to  0.15  mm.  or  more. 

The  structure  of  the  starch  granule  is  quite  complex  but  from  the 
viewpoint  of  the  chemist  it  can  be  considered  as  composed  of  a  colloidal 
substance,  granulose  enclosed  in  an  envelope  of  a  more  condensed  sub- 
stance of  similar  composition,  farinose  or  starch  celtidose,  the  latter  making 
about  2  per  cent  of  the  sub,stance  of  the  granule. 

If  starch  is  heated  to  alwut  70°  C,  the  exact  point  varying  somewhat 
according  to  its  nature  and  origin,  it  pastes  or  swells  up  info  a  pasty  jelly, 
the  viscosity  of  which  also  varies  much  in  different  starches.     The  micro- 
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scope  shows  this  to  be  clue  to  the  granulose  swelling  through  absorption 
of  water,  and  bursting  the  granule.  The  granules  can  be  gradually 
ruptured  mechanically  by  grinding  starch  with  sharp  sand  or  in  similar 
ways,  or  the  *'  cellulose  "  can  be  removed  by  chemical  regeants  such  a^ 
dilute  solution  of  caustic  alkalies  or  zinc  chloride,  when  pasting  occurs 
readily  in  cold  water. 

Classification.  Commercial  starches  are  classified  according  to  their 
pasting  characteristics  into  thick  and  thin  boiling.  The  old-fa^hione<i 
laundry  wheat-starch  is  typical  of  the  first  class  as  a  5  per  cent  water 
mixture  pastes  into  a  thin  translucent  syrup,  scarcely  gelatinous  at  boil- 
ing temperature.  C.'orn  starch,  such  as  sold  for  food,  when  mixed  with 
boiling  water  in  the  alx)ve  proportion,  forms  a  practically  non-fluid  pa^t*' 
and  is  characteristic  of  a  thick  boiling  starch.  It  is  now  known  that  thes*^ 
variations  in  pasting  properties  of  starch  of  different  kinds  are  largely 
dependent  on  the  conditions  of  manufacture  and  that  thick  boiling 
starches  can  be  made  thin  boiling  by  suitable  treatment. 

These  properties  as  well  as  the  degree  of  gelatinization  of  the  cold 
paste  are  of  great  importance  in  preparing  starches  for  certain  trader. 
In  laundry  work  and  the  textile  manufactures,  for  instance,  the  demand 
for  a  paste  thin  enough  to  penetrate  the  fabric  when  hot  without  coatine 
the  surface  and  at  the  same  time  with  body  enough  to  give  the  requisite 
stiffness  make  certain  types  of  thin  boiling  starches  highly  desirable. 
Thin  boiling  starches  are  also  used  extensively  in  confectionarj\  In 
other  industries,  as  in  paper  box  making,  thick  boiling  starches  are 
required. 

Sources.  Notwithstanding  the  great  variety  and  wide  distri!>ution. 
there  are  comparatively  few  sources  of  commercial  starch.  By  far  thf 
greatest  amount  manufactured  in  the  United  States  is  made  from  Indian 
corn  (maize)  which  averages  about  55  per  cent  starch  and  of  which  al>out 
50.000,000  bushels  are  consumed  annually  in  the  manufacture  of  com- 
mercial starches  and  derived  products.  Considerable  potato  starch  is 
also  made  in  this  country  as  well  as  some  wheat  starch,  the  latter  boiiie 
prepared  from  flour.  Tapioca  starch  is  imported  to  some  extent  from 
the  far  East  and  is  used  particularly  in  the  manufacture  of  envelope 
gums.  Cassava  starch  from  Florida  and  the  West  Indies  has  a  limitt^l 
use,  and  is  noted  for  the  body  of  its  paste. 

Method  of  Manufacture.  The  general  principles  of  starch  manu- 
facture are:  (1)  Disintegrating  the  plant  tissue  in  such  a  way  that  the 
starch  grains  are  set  free  but  not  ruptured.  (2)  Separating  the  gluten 
by  diluting  with  water  the  disintegrated  mixture  which  has  previously 
l)een  treated  with  chemicals,  or  subjected  to  fermentation,  and  then  settlinsj 
out  the  heavy  starch  by  subsidence.  (3)  Washing  the  starch  by  agitatint! 
with  water  in  tanks.  *'  running  "  or  decantation.  (4)  Recovery^  of  the 
starch  by  draining  in  cloth-bottom  draining  boxes  or  in  deep  frame 
filter-presses,     (o)  Drying  the  starch  in  kilns. 
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Ordinar^'^  No.  4  corn  which  is  commonly  used  in  the  manufacture  of 
commercial  corn  starch  and  its  allied  products  has  according  to  Archboid, 
the  following  composition: 

Water 11.60 

Ash 1.52 

Oil 5.20 

Starch 54.80 

Other  carbohydrates 14 .  33 

Fiber ^ 2.09 

Protein 10 .46 

The  com  is  shoveled  from  the  railroad  cars  into  conveyors  from  which 
it  is  spouted  into  the  steep  tubs,  which  are  large  wooden  vats  containing 
about  2000  bushels.  Here  it  is  soaked  from  two  to  four  days  in  warm 
water  containing  about  0.2  per  cent  of  sulphurous  acid.  The  water 
is  circulated  through  the  corn  and  by  means  of  an  adjoining  heating  tank 
is  kept  at  a  temperature  of  50°  C  (120**  F).  The  sulphurous  acid  seems 
to  have  a  softening  effect  on  the  glutinous  parts  of  the  kernel  and  at  the 
same  time  prevents  undesirable  fermentative  changes.  When  the  grain 
is  thoroughly  softened  by  the  steeping  so  that  the  contents  of  the  kernel 
can  be  readily  disintegrated  by  moderate  pressure,  it  is  usually  passed 
through  a  Fuss  mill.  This  mill  (see  Figs.  4  and  5)  in  its  essentials 
consists  of  two  parallel  vertical  plates,  rapidly  revolving  in  opposite  direc- 
tions and  carrying  studs  which  project  between  each  other.  The  com 
dropping  between  these  plates  is  thoroughly,  although  not  finely  broken 
up.  The  tough,  rubbery  germ  at  the  apex  of  the  kernel  which  contains 
practically  all  of  the  oil,  over  30  per  cent  of  its  weight,  passes  out  entire, 
and  is  separated  from  the  rest  of  the  grain  by  passing  the  mass,  mixed 
with  an  appropriate  amount  of  water,  through  germ-separators ^  which  are 
tanks  containing  agitators  so  constructed  that  the  movement  brings  the 
germs  to  the  surface  where  they  are  removed  l)y  an  appropriately  placed 
spout  and  sieves,  the  heavier  parts  of  the  grain  passing  off  below.  The 
germs  are  drained  and  washed  from  adhering  starchy  liquor,  dried,  ground 
and  the  oil  pressed  out  of  the  warm  mass  bj'  means  of  oil-presses  of  the 
usual  construction.  The  remaining  oil  cake  is  an  excellent  cattle  food. 
It  is  ground  into  meal  or  shipped  in  the  original  cake,  the  latter,  owing 
to  its  compactness  and  unalterability,  being  particularly  adapted  for 
export.  The  remaining  disintegrated  grain  is  mixed  with  water  (liquor, 
from  the  separators),  reground  in  a  buhr-stone  mill  (Fig.  10),  and  the 
semi-liquid  mass  passed  over  the  shakers.  These  shakers  are  inclined 
bolting-cloth  sieves  of  about  200  mesh.  The  starch  granules  with  most 
of  the  gluten  are  washed  through  the  I )ol ting-cloth  by  jets  of  water  or 
starch  liquor,  while  the  woody  portions  fall  off  the  lower  end  of  the  sieve. 
This  process  is  usually  repeated  two  or  three  times,  the  bran  after  each 
shaking  being  passed  through  roller  mills,  such  as  are  used  for  grinding 
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flour.  The  bran  or  "  wet  feed  *'  is  finally  passed  through  the  dop  machine 
which  wrings  out  the  enclose<l  liquor  and  is  either  sold  for  cattle  feed  in 
this  moist  state  or  it  may  be  dried,  being  often  mixed  with  the  gluten 
meal. 

The  starch  and  gluten  liquor  from  the  shakers  is  agitated  in  tazik< 
to  keep  the  starch  in  suspension,  and  its  density  adjusted  to  4-6**  Be. 
It  is  then  passed Jover  the  runs  or  tables^  which  are  practically  level,  the 
incline  being  usually  only  about  4  ins.  for  troughs  120  ft.  lon^  and  2  ft. 
wide.  As  the  liquid  slowly  flows  down  the  run,  the  heavy  starch  granule>, 
rolling  over  each  other,  are  practically  freed  from  the  adherent  coagulateti 
part  of  the  gluten  and  are  deposited  upon  the  bottom,  the  gluten  being 
carried  off  the  end  of  the  trough.  Men  with  wooden  paddles  keep  the 
surface  of  the  deposited  starch  smooth  to  prevent  loss  of  the  starch 
through  any  cutting  action  that  might  be  caused  by  irregular  depositing 
or  accidental  obstruction. 

The  deposited  starch  which  extends  in  a  layer  of  about  1  ft-  thick 
at  the  upper  end  of  the  run  to  practically  nothing  at  the  foot  of  the  run 
is  shoveled  out  of  the  troughs  into  cars  running  on  a  track  over  the  top 
of  the  trough  and  is  then  dumped  into  the  breakers.  The  breakers  are 
tanks  provided  with  revolving  agitators,  by  means  of  which  the  starch 
may  be  mixed  to  a  thick  cream  with  water  and  washed  once  or  twice  by 
decantation  according  to  the  quality  desired,  or  it  may  be  purified  by 
revolving  again  on  the  tables. 

The  gluten  liquors  from  the  tables  always  contains  considerable 
starch  which  cannot  be  recovered  as  commercial  starch.  The  liquors, 
therefore,  are  settled  to  remove  the  excess  of  water  and  the  residue  passed 
through  filter-presses,  the  cake  thus  formed  being  ground,  dried  and  sol»l 
as  gluten  meal.     According  to  Kaufmann  it  has  the  following  composition: 

Moisture 9. 74 

Protein 31 .20 

Fat 2.35 

Carbohydrate 54. 67 

Fiber 1.44 

Ash 0.60 

This  gluten  meal  is  often  mixed  with  com  bran  to  form  gluten  fe€*L 
The  starch  milk  is  either  run  into  molding  boxes,  wooden  frames  with 
cloth  bottoms,  to  drain  off  the  water,  or  filter-presses  with  deep  frames 
are  used. 

Dr3ring  Methods.  The  starch  is  either  dried  in  trays  forming  petirl 
starchj  or  boxed,  packed  tightly  in  paper  lined  boxes,  and  then  the  partially 
dried  cake  transferred  to  the  drying  kiln.  The  kilns  are  of  various  design^. 
Some  are  in  the  form  of  wooden  tunnels  through  which  the  cars  contain- 
ing the  starch  are  pushed  along  by  the  cars  of  wet  starch  entering  at  one 
end,  the  cars  of  dry  starch  being  taken  out  at  the  other.     The  temperature 
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varies  considerably  at  different  parts  of  the  kiln  and  depends  on  local 
factory  practice,  160-180**  F.  being  the  customary  temperature  for  pearl 
starchy  the  drying  taking  eighteen  or  twenty  hours.  Lump  starch  which 
is  boxed  is  allowed  to  dry  partially  at  a  much  lower  heat,  the  blocks  turned 
out  of  the  frames  being  placed  on  shelves  in  a  kiln  the  temperature  of  which 
is  about  130°  F.  A  yellowish  crust  which  is  about  i  in.  thick  forms  on 
the  outside  of  the  blocks;  this  is  removed  and  the  mass  of  clean,  white 
starch  again  returned  to  the  kiln  where  it  is  dried  for  several  days  at  a 
temperature  of  about  160°  F.  During  this  drying  the  liunps  split  up  into 
miniature  basaltic  like  masses  technically  known  as  crystals.  The  size 
of  the  crystals  can  be  regulated  by  the  temperature;  a  low  heat  giving 
larger  and  more  irregular  lumps. 

Starch  when  air  dried  contains  from  12  to  15  per  cent  of  moisture, 
and  if  more  thoroughly  dried  in  the  kilns  it  will  soon  absorb  water  when 
exposed  to  the  air  until  the  above  percentage  is  reached.  The  moisture 
in  starch  varies  also  with  the  humidity  of  the  air;  starch  dried  by  heat 
being  one  of  the  most  hygroscopic  substances  known. 

Alkaline  Starches.  The  description  given  above  applies  specifically 
to  the  manufacture  of  the  so-called  neutraly  thick-boiling  starches,  and  in 
general  to  com  starch.  In  making  alkali  starches,  caustic  soda  is  added 
to  the  starch  and  gluten  liquors  before  running  so  as  to  make  the  gluten 
more  soluble.  Such  starches  have  less  nitrogenous  impurities  but  are 
high  in  ash,  as  it  is  impossible  to  wash  all  of  the  alkali  out.  Alkaline 
starches  give  thicker  pastes  than  neutral  starches  made  by  the  siveet 
or  sulphite  processes. 

Thin-boiling  Starches.  Thin-boiling  starches  are  made  by  subjecting 
the  starch  to  a  treatment  with  very  dilute  acids  at  temperatures  below 
the  bursting  point  of  the  granule,  usually  35-50°  C.  This  causes  an 
incipient  hydrolysis  of  the  contents  of  the  granule,  but  does  not  per- 
ceptibly affect  the  enveloping  starch  cellulose^  the  dried  product  being 
indistinguishable  from  the  original  starch,  even  by  careful  microscopic 
examination.  A  certain  very  small  amount  of  the  granule  contents  is 
rendered  soluble  and  can  be  removed  by  washing  the  starch  with  cold 
water  and  filtering.  The  amount  and  nature  of  this  soluble  carbo- 
hydrate, which  can  be  detected  by  adding  a  drop  or  two  of  a  very  dilute 
iodine  solution,  depends  on  the  extent  of  the  acid  modification. 

Two  general  methods  of  making  thin-boiling  starches  are  used  in 
factory  practice — the  first,  known  as  the  drying  in  process  consists  in 
adding  either  sulphuric  or  hydrochloric  acid  in  very  dilute  form,  usually 
about  1  per  cent  upon  the  weight  of  the  crude  green  or  mill  starch  as  taken 
from  the  runs  mixed  with  water.  The  excess  of  liquid  is  then  drained  off 
and  the  starch  allowed  to  dry  gradually  at  a  gentle  heat.  This  process 
has  been  practically  superseded  by  the  in  suspension  process  in  which 
case  the  green  starch  is  dump)ed  into  a  tank  of  hot  water  containing 
0.1-0.2  per  cent  of  acid  and  kept  in  suspension  by  means  of  agitators. 
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When  the  process  is  complete,  as  shown  by  pasting  tests,  the  acid  i< 
neutralized,  the  starch  is  drained  and  then  dried  in  the  usual  mannt  r. 
These  thin-boiling  starches  are  now  made  in  large  quantities,  having; 
largely  taken  the  place  of  wheat  starch  in  the  laundry  trade. 

Potato  Starch.  Practically  all  of  the  starch  used  in  Europe  is  made 
from  potatoes.  Potatoes  contain  only  from  17  to  20  per  cent  of  stanli 
but  the  actual  yield  per  acre  is  more  than  either  com  or  wheat,  for  tlie 
reason  that  the  potato  yield  is  65  tons  per  acre  against  about  25  bushel-! 
for  com  and  31  for  wheat,  or  less  than  a  ton  of  grain. 

The  potatoes  are  soaked  in  vats  of  water  for  several  hours  and  then 
washed  in  a  long  trough  containing  a  spiral  stirrer  which  tosses  them 
about  thus  giving  a  thorough  rubbing.  Some  factories  use  revohing 
cylinders  for  the  same  purpose.  The  potatoes  are  then  introduced  into 
rasping  machines  equipped  with  rapidly  revolving  knives;  the  pulp 
thus  formed  being  pa-ssed  through  sieves  to  remove  the  fiber  and  the  filtrate 
allowed  to  settle.  The  lower  layers  of  white  starch  are  drawn  oflf  and  the 
upper  gray  layers  still  containing  some  fiber  are  received  and  settled,  this 
being  repeated  several  times.  The  starch  is  then  purified  on  runs  and 
dried  in  a  similar  manner  to  com  starch. 

Potato  starch  is  often  made  thin-l)oiling  by  methods  analogous  to 
those  used  in  com  starch  modifications.  Certain  patented  procesM> 
designed  to  purify  the  starch  by  oxidizing  the  nitrogenous  compound^ 
by  use  of  potassium  pemianganate  and  other  oxidizers  also  produce 
thin-boiling  modification.  (  ommercial  potato  starch  usually  contanis 
about  20  per  cent  of  water. 

Wheat  Starch.  Wheat  starch  is  usually  made  from  flour,  either  by 
the  old-fashioned  method  of  allowing  the  mixture  of  flour  and  water  to 
ferment  in  vats  and  then  purifying  the  starch  by  settling,  in  which  ca-** 
the  gluten  is  destroyed  b>-  femientation  and  a  thin-lx)iling  starch  result^, 
or  by  the  Martin  process  in  which  the  gluten  is  saved  and  a  thick>boilme 
starch  produced.  In  this  latter  process,  masses  of  dough  made  by  moisten- 
ing the  flour  are  jjlaced  in  a  special  kneading  machine  in  which  the  dough 
is  kneaded  by  grooved  rollers  working  in  a  swinging  frame,  the  stanli 
being  washed  out  through  sieves  by  jets  of  water,  settled  and  passeil 
over  runs.  The  resulting  starch  when  dried  and  finished  is  thick-boiling 
and  the  gluten,  still  containing  several  per  cent  of  starch  which  it  i< 
impossible  to  remove  mechanically,  is  recovered  as  a  rubber^'  mass. 

Rice  Starch.  Rice  starch  is  made  to  considerable  extent  in  Europe. 
There  are  several  processes,  but  they  all  depend  on  destroying  the  glutinous 
matter  by  alkali  or  fermentation  or  by  lx)th.  About  0.3  per  cent  of 
potash  is  usually  employed,  the  steeped  grain  then  being  ground  and  thr 
starch  removed  by  si(»ving  and  settling,  the  last  process  being  a  tediou^ 
one  owing  to  the  minuteness  of  the  granules. 

Tapioca  and  Arrow-root.  Cassava  (tapioca)  and  arrow-root  starches 
are  made  from  tubers  of  tropical  plants  by  processes  similar  to  those  u^<-J 
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in.  potato  starch  manufacture.  Certain  varieties  of  the  cassava  plant 
contain  large  amounts  of  prussic  acid.  As  such  starches  are  used  extens- 
ively for  food,  it  is  necessary  that  they  undergo  a  special  fermentation 
and  washing  to  remove  this  poisonous  principle.  Sago  starches  are  made 
from  the  pith  of  certain  palms  and  are  imported  in  the  form  of  dry 
pellets  of  starch  paste.  Tapioca  is  often  prepared  for  the  market  in  a 
similar  way.  Cassava  starches  are  noted  for  the  great  thickness  or  l)ody 
of  their  pastes. 

Commercial  Glucose  and  Other  Products  of  Starch  Hydrolysis.  Starch, 
according  to  Brown  and  Morris,  is  a  highly  condensed  hexose  carbohydrate 
of  the  formula  (CgHioOs)!!  consisting  of  approximately  100  anhydride 
groups  which  can  be  resolved  by  suitable  hydrolytic  agents  into  as  many 
equivalents  of  dextrose,  providing  the  hydrolysis  is  sufficiently  prolonged. 
Dilute  acids  will  produce  complete  hydrolysis  the  rate  depending  on  the 
nature  of  the  acid  and  varying  approximately  as  the  concentration,  but 
increasing  rapidly  with  rise  of  temperature.  When  starch  paste  is  sub- 
jected to  the  action  of  an  acid,  it  is  gradually  resolved  into  simpler  car- 
bohydrates, the  reaction  being  the  result  of  the  breaking  up  of  the 
numerous  anhydride  groups  of  the  complicated  starch  molecule  with  the 
formation  of  hydroxyl  radicles  from  the  water  present,  the  acid  not  going 
into  the  combination,  but  acting  catalytically. 

The  speed  at  which  this  hydrolysis  proceeds  depends  on  the  amount 
and  nature  of  the  acid  and  the  temperature.  If  the  hydrolysis  is  carried 
to  completion,  the  final  product  is  a  glucose  sugar  called  dextrose,  although 
in  actual  practice,  some  small  quantity  of  decomposition  products  are 
usually  formed.  The  intermediate  hydrol3i:ic  substances  are  very  com- 
plicated, but  behave  chemically  and  physically  as  molecular  aggregates 
of  three  bodies — dextrose,  a  biose  sugar  known  as  maltose,  and  a  dextrin 
with  the  properties  of  the  original  starch  paste. 

This  progress  of  the  hydrolysis,  or  conversion  of  starch  paste  manifests 
itself  by  characteristic  chemical  and  physical  changes.  The  thick  paste 
loses  its  colloidal  nature  and  rapidly  becomes  more  limpid,  the  density 
of  the  solution  increases,  although  the  dissolved  carbohydrates  become 
specifically  lighter,  and  the  solution  becomes  distinctly  sweeter  in  taste. 
If  tested  with  a  weak  aqueous  solution  of  iodine,  the  deep  sapphire  blue 
given  by  the  original  starch  paste  changes  as  the  hydrolysis  proceeds, 
passing  into  violet,  then  to  a  rose  red  which  in  turn  changes  to  a  reddish 
l)rown  which  grows  steadily  lighter  until  just  before  complete  hydrolysis 
is  reached  it  disappears  altogether.  A  few  drops  of  the  solution  poured 
into  strong  alcohol  gives  a  copious  white  precipitate  during  the  early 
.stages  of  the  conversion;  as  the  hydrolysis  continues  the  amount  of  pre- 
cipitate becomes  less  until  near  the  end  when  no  precipitate  is  produced. 

If  the  conversion  products  are  tested  polariscopically,  it  will  be  found 
that  there  will  be  a  progressive  fall  in  specific  rotation  values  from  that 
of  starch  paste  (202°)  to  that  of  dextrose  (52.7'').     The  Fehling  test 
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shows  no  copper  reduction  with  starch  paste,  at  the  beginning  of  the 
hydrolysis,  but  progressively  increases  till  the  maximum  reducing  power 
is  reached  when  all  of  the  converted  products  are  finally  transformed 
into  dextrose. 

Since  the  discovery  of  the  process  of  converting  starch  into  dextrose 
by  the  action  of  heat  and  acids,  as  long  ago  as  the  b^inning  of  the  \&ft 
century,  dextrose  in  a  crude  form  and  known  as  starch  sugar  or  grape- 
sugar  has  entered  more  or  less  into  commerce,  but  its  importance  as  a 
product  is  small  as  compared  to  that  of  glucose  which  latter  has  been 
developed  in  the  past  thirty  years  and  become  practically  indispensable 
in  many  food  products. 

Glucose.  The  term  ^'  glucose  "  as  used  to  define  this  product  mu>t 
not  be  confounded  with  dextrose  or  its  isomers,  but  has  reference  to 
a  special  commercial  sirup  which  is  alwa3rs  sold  under  this  d^ignation. 
The  name  ^'com  sirup"  which  has  been  suggested  would  seem  to  be  a 
happier  designation,  as  is  the  German  ''  Starkezucker  sirop."  It  is  a  thick, 
viscid  sirup,  practically  clear  and  colorless,  or  of  light  amber  tint,  and  i> 
a  product  of  the  partial  hydrolysis  of  starch.  Its  composition  varies 
somewhat  but  the  average  product  has  a  specific  rotation  of  about  135^. 
with  a  Fehling  reducing  value  of  about  50  per  cent  that  of  dextrose. 

The  above  corresponds  to  a  composition  peculiarly  well  adapted  to 
the  commercial  requirements  of  glucose,  which  are,  that  it  be  a  practically 
^^neiUral'^  (flavorless)  sweet  sirup,  uncrystallizablewhen  highly  concentrate*! 
and  capable  of  forming  uncrystallizable  mixtures  with  cane  sugar  when 
the  latter  is  added  in  large  proportion.  The  sirup  also  must  be  capable 
of  being  refined  so  that  it  is  practically  colorless.  The  properties  which 
make  glucose  valuable  in  the  manufacture  of  candy,  preserves,  jellies, 
sirups  and  similar  food  products,  are  those  of  a  hydrolyzed  product  which 
is  converted  only  so  far  that  at  least  25  per  cent  of  dextrin  still  remain> 
in  the  carbohydrates.  If  less  dextrin  is  present,  the  dextrose  tends  to 
crystallize  out  at  high  concentrations,  while  it  will  not  adequatelj-  prevent 
graining  in  sugar  mixtures.  If  the  conversion  is  not  carried  to  about 
this  point,  the  glucose  has  not  the  requisite  sweetness,  while  at  the  same 
time  the  preponderance  of  the  less  soluble  dextrin  makes  a  cloudy,  pa^^ty 
sirup. 

A  better  comprehension  of  the  chemistry  of  commercial  glucose  can  be 
had  by  a  study  of  the  following  diagram,  which  gives  the  variation  in 
percentage  of  the  three  primary  constituents,  dextrin,  maltose,  and 
dextrose,  present  in  the  carbohydrate  matter  as  acid  hydrolysis  pn>- 
ceeds,  the  progress  of  the  hydrolysis  being  shown  by  the  change  in 
optical  rotation  from  that  of  starch  paste  to  that  of  dextrose.  The 
stage  of  hydrolysis  most  favorable  for  the  manufacture  of  commercial 
glucose  for  ordinary  purposes  lies  between  the  rotation  values,  120  ami 
140;  although  glucose  used  for  special  brewing  purposes  may  be  some- 
what outside  these  limits.     (See  diagram,  page  681.) 
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Manufacture  of  Glucose,  (ilucose  is  manufactured  on  a  large  scale 
in  this  country  conjointly  with  starch,  gums,  dextrins  and  numerous 
valuable  by-products.  Practically  all  of  the  commercial  product  is  made 
from  com  (maize),  what  is  known  as  '*  No.  4  "  being  usually  taken 
although  all  grades  are  used.  The  following  diagram  outlines  the  process 
and  will  assist  in  following  the  steps,  which  as  far  as  the  production  of 
the  greeti  (crude)  starch  are  identical  with  those  of  corn  starch  manufac- 
ture which  has  already  been  described. 

Scheme  of  (iLucosE  Manufacture 
Corn 
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I  ^Steep-liquor 
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Originally,  glucose  was  made  in  open  converters  which  were  large  tubs 
provided  with  steam  coils  and  agitators;  but  owing  to  the  fact  that  the 
speed  of  hydrolytic  action  is  increased  enormously  by  temperature  rise, 


the  open  convrrter  lia-s  become  obsolete.  Thus  in  recent  years  the  pre:'- 
pure  has  been  Rreatly  increased,  and  the  time  of  conversion  reduced  by 
three  quarters  or  more.  Hydrochloric  acid  is  almost  universally  used  as 
the  hj'droiyte  owing  to  its  greater  converting  power  and  because  it  give-; 
a  brighter,  mori'  easily  refineci  product. 

The  green  starcJi  is  taken  direc'tly  from  the  tables  to  the  convertir 
being  shoveled  off  the  runs,  and  mixed  with  water  in  a  breaker,  a  tank  nitli 
an  agitator,  to  a  thick  cream  usually  standing  about  20°  B6. 

Horizontal  Converter.  The  older  type  of  converter,  which  is  still 
in  use,  is  a  horizontal  cj'linder  usually  made  of  gun  metal  or  copper.  The 
diluted  acid  is  introduced,  steam  is  then  turned  on  and  a  pressure  of  alwut 
30  lbs.  maintained.  The  starch  liquor  is  then  gratlually  pumped  into 
the  converter  in  a  fine  stream,  twenty  minutes  or  half  an  hour  being 
consumed  for  filling.  This  allows  time  enough  to  permit  the  entering 
starch  to  become  sufficiently  hydroiyzed,  to  prevent  pasting;  otherwise, 
large  clots  would  be  formed,  plugging  the  apparatus  and  causing  freezing. 
The  conversion  is  then  continued  under  pressure  of  about  30  lbs.  until 
iodine  t^sts  made  on  small  samples  withdrawn  from  the  apparatus  show- 
that  the  proper  conversion  point  has  been  reached,  which  usually  takes 
from  fifty  minutes  to  an  hour. 

Vertical  Converter.  In  the  more  modern  type  of  converter,  wliicli 
is  similar  in  construction  but  vertical,  the  starch  milk  is  mixed  with  part  of 
the  acid  before  introducing  into  the  apparatus  and  is  thus  partially  hydro- 
Ij'zed  in  a  separate  tank,  a  larger  proportion  of  acid  being  used.  The  whole 
charge  is  run  in  a  few  minutes  into  the  hot  converter  through  a  large  open- 
ing in  the  top,  the  cover  immediately  screwed  on  and  the  steam  pressure 
quickly  raised  to  about  .50  lbs.  Owing  to  this  high  pressure  and  the 
greater  strength  of  acid  used  the  starch  is  almost  immediately  liquefied 
thus  causing  the  whole  conversion  to  Ix;  completed  in  about  ten  minutes. 

The  convertetl  liquor  is  turbid  from  the  colloidal  albuminoids  it  contains 
and  has  a  density  of  al>out  16°  B6.  It  is  immediately  blown  out  of  the 
converter  into  the  neutralucr  which  is  usually  a  large  covered  wooden 
tank  providetl  wth  a  stirrer  and  also  having  ventilating  shafts  for  the 
removal  of  hot  vapors.  Here  it  is  treated  with  a  tiilute  solution  of  sudiuiu 
carbonate  which  not  only  neutralizes  the  acid,  but  at  the  same  time 
coagulates  the  colloidal  albuminoids  and  precipitates  the  dissolved  iron 
so  that  a  bright  filtrate  is  obtained. 

From  the  neutralizer,  the  liquor  goes  to  bag-filters  of  the  tj^pe  used  in 
sugar  n'fining  (Taylor  filters).  The  practically  clear  amber-ccloreii 
bag-liquor  \isually  goes  thence  to  the  lx)ne-char  filters  for  its  first  decolor- 
ization,  but  often  it  is  first  subjected  to  a  further  treatment  with  precipi- 
tants  anil  filter-pressctl  before  going  to  the  bone-char. 

Char  Filters.     The  Imne-char  filters  are  i<lentical  with  those  used  in 


more  of  char,  but  greater  care  has  to  be  taken  in  the  preparation  of  the 
char  and  in  the  filterini;  since  all  thosu  impurities  whieh  affect  the  color, 
appearance,  flavor  and  give  other  objcctional  quaiitieri  must  be  removed 
at  thbj  stage,  if  at  all,  as  they  cannot  be  collected  in  the  mother-liquor 
by  crystallization  as  in  cane  sugar  refining. 

Since  the  slightest  trace  of  caustic  lime  or  other  alkali  in  the  char  will 
cause  a  brown  coloration  in  the  hot  liquor,  it  is  necessary  to  subject  the  char 
in  the  filters  to  a  careful  preparation  known  as  tempering.  This  consista 
in  a  treatment  with  dilute  hj-droehloric  acid,  washing  with  hot  soft  water 
and  a  partial  drying  by  means  of  steam  or  compressed  air.  This  neutral- 
izes the  alkali  which  is  present  consisting  principally  of  caustic  lime  and 
ammonia  and  also  removes  considerable  of  the  soluble  salts,  especially 
those  of  iron. 

The  glucose  is  passed  twice  through  the  bone-char  filters,  the  first 
pas.sage  follows  bag-filtering  resulting  in  what  is  knoivn  as  light  liquor. 
This  liquor  is  evaporated  in  a  multiple  effect  apparatus  to  a  density  of 
about  30°  B^.,  and  again  goes  to  the  bone-char  filters,  when  the  product 
is  known  as  heavy  liquor.  The  method  of  procedure  is  as  follows:  The 
fresh  bone-char  as  it  comes  from  the  kilns  is  cleaned  from  the  dust  and 
smaller  particles  which  would  cause  clogging  of  the  filters.  It  is  then 
.spouted  in  through  a  manhole  until  the  filter  is  filled  to  within  2  or  3  ft. 
of  the  top.  The  hot  tempering  acid  Ls  then  added  until  the  char  is  covered, 
and  is  allowed  to  remain  in  contact  with  it  for  some  time.  The  acid  water 
is  then  drained  out  of  the  lx>ttom  of  the  filter  and  the  wash  water  intro- 
duceil,  which  is  also  drainefl  out  at  the  lx>ttom.  The  drainings  are  then 
blown  out  with  steam  or  compressed  air.  The  filter  is  now  filled  with  hot, 
heavy  liquor  which  is  allowed  to  stand  for  some  time  in  contact  with  the 
char.  The  liquor  is  then  slowly  displaced  by  more  heavy  liquor  entering 
at  the  top  of  the  filter,  the  filtered  liquor  passing  out  through  the 
bottom  liy  means  of  a  pipe  which  rises  nearly  to  the  top  of  the  filter,  thus 
keeping  a  constant  level  Just  over  the  upper  surface  of  the  char. 

After  the  heavy  liquor  has  been  running  over  the  char  continuously 
for  four  or  five  hours,  the  time  depending  on  the  working  of  the  filter  and 
other  factory  conditions,  the  last  filter  full  is  displaced  by  the  light  liquor 
which  then  runs  through  the  filter  in  the  same  manner  for  several  hours. 
By  the  end  of  this  time  the  capacity  of  the  filter  for  eflficient  work  has  been 
reached,  an<l  it  is  now  sweetened  off  by  displacing  the  light  liquor  which 
remains  in  the  filter  by  soft  water,  continuing  the  flow  till  a  Beaum4- 
spindle  test  at  the  exit  pipe  shows  that  all  the  liquor  has  passed.  These 
"  sweet  waters,"  together  with  the  washings  of  the  bag-filters  are  concen- 
trated in  an  evaporator  and  usually  put  into  the  bag-liquors.  The  filter 
is  now  washed  for  a  number  of  hours  by  a  reverse  flow  of  hot,  soft  water, 
the  water  entering  at  the  bottom  and  passing  out  at  the  top  of  the  filter. 
After  this  washing  the  char  is  dumped  througit  a  manhole  in  the  side  at 
tli*^  liirftnm  nf  ihc  filter  an<l  is  carried  bv  convevinff  machinerv  to  the  kilns 
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where  it  is  dried  by  passing  over  hot  flues  in  the  upper  part  of  the  kiln 
and  then  heated  to  dull  red  as  it  passes  through  the  tubular  iron  retorts. 
These  tubes  are  placed  vertically  in  the  kiln  and  are  connected  to  sheet- 
iron  tubes  extending  out  through  the  bottom  of  the  kiln  which  serve  to 
cool  the  char.  The  retorts  and  coolers  are  kept  entirely  filled  with  the 
char  which  is  made  to  pass  through  them  very  slowly,  at  regular  interval:*, 
the  char  being  removed  in  small  quantities  from  the  bottom  of  the  coolers. 
In  this  way  a  large  part  of  the  organic  matter  which  clogs  the  pores  of  the 
char  is  volatilized  or  destroyed  without  injuring  the  char  itself.  After 
pa^^sing  through  the  kilns  and  sifted,  the  char  is  again  ready  for  the  filters. 
There  is  necessarily  some  loss  in  this  revivifying^  1  per  cent  or  more  being 
removed  by  the  sieves  in  a  state  too  fine  for  use  in  the  filters.  Thi> 
spent  char  is  of  considerable  value,  however,  as  it  is  used  in  the  manu- 
facture of  fertilizers,  colors,  and  for  other  purposes. 

The  practically  colorless  heavy  liquor  coming  from  the  bone-char 
filters  is  now  ready  for  the  final  boiling  down  in  the  vacuum-pans  wheni- 
it  comes  as  finished  glucose  and  is  run  into  the  barrels  for  shipment. 

As  glucose  liquors,  even  in  the  vacuum-pan,  will  color  somewhat 
when  boiled  to  the  concentratioas  required  of  the  commercial  produ^^t. 
it  has  been  the  practice  to  inject  a  solution  of  acid  sodium  sulphite  {fm\i\' 
phite)  for  the  purpose  of  bleaching  during  concentrating  in  the  vacuum-pan. 
The  bisulphite  also  acts  as.  a  preservative  of  the  thinner  sirups  in  which 
glucose  was  used.  It  further  prevents,  to  a  great  extent,  its  darkeniu^z 
in  the  kettle,  when  used  in  hard  candy  manufacture.  Since  the  enforc^^ 
ment  of  the  Pure  Food  Law  in  this  country  in  1907  ase  of  sulphite  in 
any  appreciable  amount  has  been  forbidden  in  glucose  for  food,^  so  gluc^ot^ 
made  since  the  enforcement  of  this  law  has  had  a  light  amber  color. 

All  refined  glucose  contains  to  a  greater  or  less  extent,  dei>ending  on 
the  quality  of  the  refining,  certain  impurities  which  cause  objectional)lt 
color,  flavor  and  odor,  present  it  is  true,  in  very  small  quantity,  but 
still  significant  as  affecting  the  value  of  glucose  for  many  purposes.  It 
is  now  known  that  these  are  actually  impurities  and  not  inherent  in  tht 
carbohydrate,  being  in  the  main  nitrogenous  decomposition  products  fn>:ii 
the  small  quantities  of  gluten  left  in  the  starch  and  resulting  from  its  ac:;. 
hydrolysis  in  the  converter.  The  effect  of  these  objectionable  impuriti*- 
particularly  the  color,  has  been  mitigated  by  the  use  of  sulphites,  whiti.. 
more  or  less  temporarily,  bleach  the  goods  and  also  mask  to  some  extent 
the  objectionable  odors  and  flavors.  Now  that  the  use  of  sulphite's  is  pn- 
hibited  in  glucose  used  as  a  food,  manufacturers  have  been  obligini  to 
use  starch  which  has  been  especially  purified  by  washing  or  rerunninp  oc 
the  tables.  Rerun  alkali-process  starches  have  been  used,  givine  s 
somewhat  better  product  but  they  have  the  disadvantage  of  increa-^inc 
the  mineral  content  of  the  product,  owing  to  the  alkali  introduceti  wlii«  1 

*  Tomporarily  pending  investigation  of  this  matter  the  government  has  ix»nni*i' - 
the  use  of  sulphurous  acid  comixjunds  in  sirups  up  to  0.035  per  cent. 
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cannot  be  completely  removed  and  also  because  of  the  greater  amount 
of  hydrolyzing  acid  required. 

Duryea  has  patents  for  preparing  a  pure  modified  starch  for  glucose 
manufacture  in  which  the  purification  is  accomplished  by  a  mild  acid 
hydrolysis  and  subsequent  removal  of  the  hydrolyzed  impurities  by  the 
usual  methods,  such  as  washing  or  rerunning. 

Glucose  is  usually  made  at  th.ee  concentrations,  42°,  43°  or  45  B6., 
and,  as  has  already  been  stated,  as  a  rule,  is  converted  to  a  point  represented 
by  a  specific  rotation  for  the  anhydrous  carbohydrate  of  about  135°  D. 
Apparently,  there  is  no  attempt  to  vary  the  composition  of  the  product 
for  special  trade  uses  as  could  easily  be  done  to  advantage,  but  the  lighter- 
colored  pure  glucoses  are  selected  for  confectioners'  use,  irrespective  of 
the  degree  of  conversion.  Glucose  used  for  the  manufacture  of  table 
sirups  is  usually  known  as  mixing  glucose.  The  other  principal  uses  of 
glucose  are  in  the  manufature  of  jellies,  preserves  and  in  brewing,  although 
its  applications  are  multifarious  in  many  industries  where  it  does  not  enter 
as  a  food  product,  as  for  instance,  it  is  used  in  enormous  quantities  to 
fill  sole  leather  and  tanning  extracts. 

Grape-sugar.  Grape-sugar  is  the  name  applied  to  a  crude  dextrose 
which  is  manufactured  in  considerable  quantities  in  this  country  and 
is  used  chiefly  in  the  manufacture  of  sparkling  ales  in  brewing,  also  as  a 
reducing  agent  in  many  industries,  as  in  indigo  dyeing,  and  in  silvering 
en  glass.  It  contains  from  70  to  80  per  cent  of  dextrose,  the  balance  of 
carbohj'drates  being  those  of  the  lower  hydrolyzed  products.  Grape- 
sugar  is  not  much  used  in  food  products  owing  to  its  bitter,  unpleasant 
flavor,  largely  due  to  the  effect  of  the  greater  degree  of  hydrolysis  on  the 
nitrogenous  impurities  of  the  starch  already  referred  to  and  also  to  the 
decomposition  products  arising  from  the  prolonged  action  of  the  acid 
and  heat  on  the  carbohydrate  itself.  The  initial  steps  of  grape-sugar 
manufacture  are  the  same  as  those  of  making  glucose,  except  that  more 
hydrolyzing  acid  is  used,  and  the  conversion  is  carried  to  the  point  that  no 
dextrin  is  precipitated  when  the  sample  is  poured  into  strong  alcohol. 

As  it  appears  in  the  market,  grape-sugar  is  a  hard,  waxy  solid,  being 
in  the  main  in  the  form  of  concrete,  compact  masses  of  crystal  plates  of 
the  crude  dextrose  monohydrate,  made  by  pouring  the  highly  con- 
centrated liquors  into  mokls.  When  fresh,  it  is  usually  quite  white, 
especially  when  bleached  ^vith  sulphite,  but  it  darkens  with  age,  and  the 
lumps  become  very  hard.  Two  grades  of  this  quality  of  grape-sugar 
are  on  the  market,  known  respectively  as  seventy  and  eighty  sugar,  the 
figures  being  supposed  to  represent  the  per  cent  of  dextrose  in  the  goods. 

About  1880,  Dr.  Behr  invented  a  process  for  making  anhydrous 
dextrose  in  a  commercial  way,  and  this  sugar  is  now  made  to  some  extent. 
The  process  consists  in  starting  a  crystallization  in  aqueous  solutions  of 
commercial  dextrose,  under  favorable  conditions  of  temperature  and 
concentration,  with  seed  or  pure  anhydride  obtained  by  crystallization 
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from  alcohol.  The  anhydride  thus  obtained  is  in  fine  needles  which  are 
practically  chemically  pure,  and  can  readily  be  purged  from  the  mother- 
liquors,  from  which  the  darker,  Climax,  sugars  are  made  for  brewing 
purposes. 

Malt-glucose.  In  Japan,  glucase  has  been  made  for  centuries  by 
primitive  methods  of  converting  the  starch  of  rice  and  millet.  Midzii- 
<ime,  as  it  is  called,  in  its  better  grades,  is  a  light  yellow  transparent  sirup 
resembling  our  commercial  glucose,  and  by  analysis  it  is  shown  to  be  a 
practically  pure  diastase-converted  starch  product.  In  Europe,  simi'ar 
sirups  have  been  made  to  some  extent,  and  practically  unrefined  sirups 
made  from  ground  malt  and  other  grains,  known  as  malt-extracts  are  com- 
mon pharmaceutical  preparations  in  this  country.  Commercial  glucase 
made  by  use  of  malt  has  not  yet  been  put  on  the  market  as  a  regular  prod- 
uct of  starch.  One  reason  for  this  has  l>een  the  relatively  large  amounts 
of  malt  necessarj"^  for  conversion  which  made  the  cost  of  production 
prohibitive.  In  1903,  Dur>^ea  took  out  patents  for  an  improved  metho<l 
of  making  malt-converted  glucose,  in  which  the  process  starts  with  a  pur- 
ified starch,  which  is  liquefied  by  an  acid  hydrolysis  of  short  duration 
before  the  malt  infusion  is  applied.  In  this  way  a  very  small  amount  of 
malt  extract  is  required  and  a  conversion  obtained  which  gives  a  prod- 
uct practically  identical  with  that  obtained  from  a  normal  disastase 
conversion,  but  very  small  quantities  of  dextrose  being  present. 

A  malt  glucose  thus  made  is  odorless  and  practically  free  from  flavor, 
the  objectionable  nitrogenous  by-products  formed  by  acid  hydrol>'sis 
apparently  not  being  produced  in  this  method  of  conversion. 

Dextrin  and  British  Gum.  Artificial  gum  made  from  starch  and 
known  as  dexirins  and  British  gums  are  made  in  large  quantities  both  in 
this  country  and  Europe,  and  are  employed  in  many  ways  as  substitutes 
for  natural  gums  such  as  tragacanth  or  gum  arabic.  Enormous  quantities 
of  these  starch  gums  are  used  in  the  textile  industries,  for  envelopes  and 
postage  stamps.  These  products  are  made  by  heating  (roasting)  starch 
in  revolving  cylinders,  which  are  heated  directly  by  a  furnace  or  by  an 
oil-bath,  or  in  shallow  trays  in  shelf  kilns.  The  temperatures  used  vary 
much  according  to  the  product  desired,  var>^ing  from  170  to  270^  C. 
In  making  dextrins,  lower  temperatures  are  used  and  the  starch  is  moistened 
with  dilute  acid,  usually  nitric,  0.12  per  cent  previously  to  heating  so  that 
in  the  earlier  stages  of  heating,  considerable  hydrolysis  takes  place.  In 
making  British  gums  usually  no  acid  is  used,  but  the  temperature  employed ' 
is  higher,  and  even  in  this  process  hydrolysis  first  takes  place  to  some 
extent,  owing  to  the  moisture  and  acid  naturally  in  the  starch.  The 
time  of  heating  varies  much  according  to  the  product,  white  dextrins 
taking  but  two  hours,  while  British  gums  are  heated  for  fifteen  hours 
or  even  longer.  There  are  no  exact  standards  for  dextrins  generally 
recognized,  color  and  body  of  the  mucilages  which  measured  quantities 
of  these  gums  make  are  usually  the  best  means  of  their  valuation.     These 
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products  are  not  definite  chemical  compounds,  neither  are  they  made 
according  to  fixed  methods  of  procedure.  Often  different  products  are 
blended  to  give  the  properties  desired.  Little  is  known  of  the  chemical 
constitution  of  these  products,  however  much  has  been  assumed.  They 
contain  some  products  of  acid  hydrolysis,  it  is  true,  but  they  are  not  in 
the  main  identical  with  products  of  acid  hydrolysis. 

Soluble  Starch.  Soluble  starch  is  starch  which  has  been  but  lightly 
dextrinized,  and  is  practically  identical  with  many  so-called  white  dextrins. 
Actually  there  is  no  exact  limit  in  the  hydrolytic  stages  between  soluble 
starch  or  dextrin  and  thin-boiling  starches,  as  certain  of  the  higher  con- 
verted thin-boiling  starches  contain  considerable  substance  more  or  less 
soluble  in  cold  water,  but  there  is  an  exact  practical  distinction.  Soluble 
starch  disintegrates  in  cold  water  into  a  smooth  colloidal  paste,  whereas 
thin-boiling  starch  immersed  in  cold  water  preserves  the  form  of  its  gran- 
ules imchanged,  and  w^hen  dried  at  temperatures  which  do  not  affect  the 
granules,  preserves  its  original  appearance. 

So,  too,  it  is  practicall}^  impossible  to  subject  commercial  starch  to 
any  action  of  washing  or  other  treatment  ^dth  water  or  heat  without 
subjecting  it  to  more  or  less  incipient  hydrolysis  which  can  be  recognizable 
by  appropriate  physical  or  chemical  tests.  Hence,  as  already  stated,  most 
commercial  starches  show  certain  evidences  of  hydrolysis  usually  incipient, 
it  is  true,  and  dependent  on  the  method  of  manufacture.  At  the  same 
time  there  is  a  clear  distinction  between  what  is  known  in  the  trade  as 
ihick-bcilingj  thin-boiling  and  soluble  starches  which  is  based  on  the  be- 
ha\ior  of  these  products  under  various  tests  of  their  properties  as  applied 
in  the  industries. 
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XXXIV 
BREAMXG   AXD  MALTING 

ROBERT   WAHL. 
Director  J  WahUHenius  Institute  of  Fermenlologyj  Chicago,  lU. 

Brewing  is  the  process  of  preparing  hopped,  fermented  lieveragt-^. 
such  as  lager  beer,  ale,  stout,  weiss  beer,  the  materials  usually  employni 
being  barley-malt,  hops,  and  water. 

Malting  is  the  process  of  preparing  cereals,  usually  barley,  throupli 
germination,  for  purposes  of  conversion  and  fermentation. 

Prehistoric.  One  of  the  earliest  fermented  l>everages  known  to 
tratlition,  mead^  was  prepared  from  honey-water,  that  is,  the  washings 
of  honey  combs;  hence,  according  to  Arnold,  the  Latin  designation  /or 
beer.  Cerevisia  from  the  Celtic  Keirwysg;  (Keir  =  wax;  Wysg  =  wat^r. 
and  not  from  Ceres  =  cereals  and  vis  =  vigor);  "this  won!  was  sirap]y 
retained  after  cereals  were  used  with  the  honey  and  even  after  cereals  werf 
used  alone."  ^ 

What  Beer  was  and  is.^  There  is  no  legally  fixed  definition  of  tl' 
article  or  term  ''  l)eer '':  its  manufacture  and  sale  come  under  the  pre- 
visions of  the  United  States  Food  and  Drugs  Act  of  1906,  where  it  ii?  el&s^'^! 
as  a  "  food.'*  Xational  and  State  committees  and  associations  on  io(yl 
standards  have  wrestled  with  the  problem  of  what  beer  is  long  and  often, 
but  their  labors  to  propose  a  satisfactory  standard  have  thus  far  lieen 
fruitless,  and  all  beer  standards  have  therefore  remained  tentative  m<^ 
up  to  the  present  time. 

Beer.'of  Old — Norse,  Teutons,  Germans.  From  ancient  time^  down  to 
the  present,  the  popular  beverage  that  passed  by  the  name  of  l)eer  has 
been  undergoing  so  many  changes  as  to  material  employed,  qualitatively 
and  quantitatively,  equipment,  processes  of  manufacture  and  character 
of  product,  that  it  is  impossible '.to  fix  a  standard  from  usage  alone  that  \sill 
not  allow  the  widest  latitude  as  to  choice  of  materials  or  processes.  Witii 
the  older  Norse  and  South  Teutonic,  or  Germanic  tribes,  beer  was  a  tart 
fermented  beverage  in  which  honey  was  a  prominent  constituent,  ami 
a})out  the  eleventh  century  the  employment  of  hops  became  genera! 

*  J.  P.  Arnold,  "  Origin  and  History  of  Boor  and  Brewing,"  Chicago,  1911. 
2  Address  before  the  Second  International  Brewers*  Congress,  Chicago,  111.,  Oc^ 
18-21.  1911. 
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on  the  Continent  because  of  its  bitter  and  aromatic  and  antiseptic  prin- 
ciples anil  tonic  effect.     Later  this  ingredient  became  universal. 

Cereal  Base.  As  to  cereal  base,  barley  undoubtedly  took  the  lead 
from  the  first,  as  it  was  the  great  staple  article  of  food  before  wheat  dis- 
placeti  it  in  hreadmaking.  But  other  cereals  have  had  their  importance 
in  beer  making  in  ancient  as  well  as  jnodern  times.  So  China  made  its 
beer  3000  years  before  the  Christian  era  from  rice  and  millet  besides  barley, 
and  in  Egj^pt,  probably  as  early  as  the  building  of  the  pyramids,  millet 
was  employed  along  with  barley.  In  modem  times,  the  variety  of  cereals 
used  is  much  the  same.  In  many  countries,  notably  the  United  States 
and  Great  Britain,  unmalted  cereals  like  rice  and  com  are  generally 
employed  and  sugars  are  favored  by  some;  in  Germany  wheat  is  employed 
for  some  beers,  and  in  France,  Belgium  and  Scandinavian  countries 
various  cereal  products  besides  barley  malt,  these  additions  to  barley 
malt  in  these  countries  being  matie  to  secure,  especially,  better  keeping 
quality  and  to  tone  down  the  satiating  effect  or  richness  of  all-iiialt 
beverages. 

The  idea  that  the  only  pure  beer  is  an  all-malt  beer  is  thus  seen  to  be 
false,  both  actually  and  historically,  and  beer  may  therefore  be  defined  as 
follows: 

"  Beer  is  an  effervescent  beverage  resulting  from  the  thorough  alcoholic 
fermentation  of  a  hopped  solution,  in  potable  water,  of  the  extractive  substances 
principally  of  barky  malt,  together  mik,  if  desired,  other  prepared  cereals^ 
or  their  natural  equicalentx."  ' 

Technically,  beer  is  a  beverage  properly  brewed  from  sound  materials, 
principally  barley  malt  and,  if  desired,  other  prepared  cereals  or  their 
equivalents;  hops  and  potable  water;  with  the  resulting  brew  or  wort 
thoroughly  fermented  by  yea«t. 

Chemically,  beer  is  an  ciforvescent  fermentet!  malt  beverage,  contain- 
ing in  aqueous  solution  the  products  of  thorough  fermentation  by  culture 
yeast,  mainly  alcohol  and  carbonic  acid,  and  a  residuum  of  unfermented 
extractive  substance,  like  dextrin,  nialtodextrin,  maltose,  albuminoids, 
acid  phosphate,  lactic  acid,  extracted  from  barley  malt  or  other  prepare<i 
cereals  or  their  equivalents;  hop  bitter  acids  from  hops;  mineral  con- 
stituents from  the  water,  and  the  aromatic  principles  from  hops,  malt 
or  fermentation. 

Dietetically,  beer  is  an  effervescent,  zest-giving,  fermented  malt  beverage 
of  nutrient  and  tonic  value. 

Hygienically,  beer  is  an  effervescent,  refreshing,  fermented  malt  bever- 
age, biologically  sound  or  wholesome,  that  is,  devoid  of  and  offering 
resistance  to  the  development  of,  pathogenic  or  virulent  microbes  of  all 
.  kinds. 

Economically,  beer  is  one  of  the  greatest  in<lustrial  products  of  many 

'  Address  before  the   Second  Inlornalionai   Brewcra'   Congress,  Chicago,  III.,  Oct. 


GS4  INDUSTRIAL  CHEMISTRY 

of  the  foremost  nations.  America  produced  during  the  last  year  over 
65,000,000  barrels  of  l)eer,  representing  a  market  value  of  about  S400,- 
000,000,  and  providing  a  revenue  to  the  government  of  approximately 
$65,000,000  for  the  year. 

Technically,  lager  beer  is  an  effervescent  sparkling  beverage ^  properly 
brewed  from  sound  materials  y  principally  barley  malt  withy  if  desired,  prepared 
cereals  like  corn  or  rice  or  their  equivalents;  hops  and  potable  water;  with 
the  resxdting  brew  or  wort  thoroughly  fermented  by  culture  boiiofn  yeast  and 
the  fermented  product  stored  in  refiigerated  cellersfor  sedimentation;  clarified, 
if  desired y  by  filtration  and  properly  sterilized,  when  bottledy  by  pasteurization.^ 

The  uniform  standard  for  malt  liquors  tentatively  adopted  by  a 
Joint  Committee  on  Food  Standards,  representing  the  Association  of 
Official  Agricultural  Chemists,  and  the  Association  of  State  and  National 
Food  and  Dairy  Departments,  at  a  session  at  Mackinac  Island  (ni 
August  3,  1908,  is: 

**  Malt  liquor  is  a  beverage  made  b}^  the  alcoholic  fermentation  of 
an  infasion,  in  potable  water,  of  barley-malt  and  hops,  with  or  without 
unmalted  grains,  decorticated  and  degerminated  grains/'  ^ 

Character  and  Properties  of  Beer.  Before  selecting  and  weighing  the 
materials  in  order  to  start  bre^ving  operations,  the  brewer  should  clearly 
understand  the  requirements  the  finished  product  is  to  meet  and  every 
operation  he  carries  out  should  be  understood  with  a  knowledge  of  the 
influence  it  may  have  in  shaping  the  character  of  the  beer  as  desired. 

A  beer  ha.s  quality  if  it  possesses  recognized  merit  and  meets  the 
requirements  of  the  trade. 

A  beer  has  character  if  its  properties  conform  to  those  of  a  recognized 
standard  or  tjT^e. 

Tj'pical  beers  maj"  differ  widely  as  to  their  distinctive  propertierJ. 
We  may  distinguish,  for  instance: 

The  Bavarian  tj7)e  of  lager  beer,  with  a  light  brown  to  dark  broiRTi 
color,  malt  flavor,  and  a  sweetish  taste  as  the  main  features,  with  the 
aroma  and  bitter  taste  of  hops  but  little  pronounced;  usually  lively 
and  sparkling.  Alcohol  content  about  3^  to  4  per  cent.  From  worts 
of  about  12^  to  14|  per  cent  extract. 

The  Bohemian  tj-pe  of  lager  beer,  with  a  light  yellow  to  greenish 
yellow  color,  pronounced  hop  aroma,  and  bitter  taste;  while  the  malt 
flavor  is  not  pronounced;  usually  lively  and  sparkling.  Alcohol  content 
about  82  to  3|  per  cent.     From  worts  of  about  12^  per  cent  extract. 

The  Vienna  type  of  lager  beer,  with  less  pronounced  character  than 
either  Bavarian  or  Bohemian  types;  in  point  of  color,  hop,  and  malt 
aroma,  sweet  and  bitter  taste,  it  takes  a  place  between  these  two  t\T>es. 

^  Address  before  the  Second  International  Brewers'  Congress,  Chicago,  111.,  Oct. 
18-21.  1911. 

*Wahl-Henius  ''Hand  Book  of  the  Brewing,  Malting,  and  Auxiliary  Trades/' 
1908,  p.  1443. 


Alcohol  content  about  3'  per  rent.     From  worts  of  about  13^  per  cent, 
extract. 

The  Dortmunder  type  of  lager  l)oer,  with  very  light  color;  from  long 
grown,  low  kiln-dried  malt,  hops  and  malt  flavor  not  very  pronounced; 
highly  and  completely  attenuated.  Alcohol  content  about  4  to  4^  per 
cent.     From  worts  usually  above  14  per  cent  extract. 

The  American  type  of  lager  beer,  with  a  light  color,  and  pronounced 
hop  aroma,  less  bitter  than  the  Bohemian,  with  a  high  degree  of  brilli- 
ancy; quite  lively  and  sparkUng.  Alcohol  content  about  3|  to  4  per  cent. 
From  worts  of  about  11  to  14  per  cent  extract. 

Ale,  with  a  light  color,  very  pronounce<l  hop  aroma,  and  bitter  taste, 
and  with  a  rather  high  percentage  of  alcohol  and  tart  taste  in  the  aged 
product,  either  lively  or  still,  and  usually  clear.  From  worts  of  about 
14  to  16  per  cent  extract. 

Sloul,  with  a  very  dark  color,  malt  flavor  and  sweet  taste,  brewed  stronger 

than  ale,  and  possessing  a  tart  taste  in  the  aged  product,  but  less  alcohol 

than  ale;  usually  lively.     From  worts  of  about  16  to  18  per  cent  extract. 

PitrlfT,  with  a  dark  color,  brewed  like  stout,  hut  not  so  strong. 

H'ei'ss  beer,  very  light  in  color,  no  pronounced  malt  or  hop  flavor, 

quite  tart,  very  lively,  but  not  usually  sparkling:  often  turbid. 

Common  and  Steam  beer,  light  in  color,  hop  aroma  and  bitter  taste 
not  very  pronouncetl;  very  lively  and  not  necessarily  brilhant. 

All  so-called  lager  beers,  like  the  American,  Bohejnian  and  Bavarian 
typeii,  should  possess  a  certain  degree  of  palatefulness,  and  should  draw 
with  a  creamy,  lasting  head,  which  requirements  are  not  to  the  same 
extent  to  be  met  by  the  other  brands. 

Besides  the  above  there  are  brewed  in  .\nierica  l)eers  to  meet  special 
requirements,  for  mstance: 

Low-alcohol  beers,  less  than  2  per  cent  alcohol  by  volume. 
Non-alcoholic  beers,  less  than  .1  per  cent  alcohol  by  volume. 
Tonics,  so-called:  bottled  brewed  with  a  high  percentage  of  extract, 
usually  all-malt  beers,  possessing  a  dark  color,  either  thoroughly 
fermented  with  a  high  percentage  of  alcohol  and  comparatively  low 
percentage  of  remaining  extract,  or  imperfectlj-  fermented,  with  a  low 
percentage  of  alcohol,  and  high  percentage  of  remaining  extract. 

Beeis  Classified.  According  to  the  system  of  fermentation  employed, 
beers  may  be  classified  as  follows: 

1.  Bottom  Fermentation. 

a.  Pilsener 

b.  Wiener 

c.  Muencher  ^  ,         , 

,    ,,     .  ,  German  lager  beers. 

a.  Dortmunder 

e.  American  lager  l)cers 


American  been 
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2.  Top  Fennentation. 

g.  Mild  ales  and  stork  al<  -; 

h.  Porter  English  beers. 

j.  CYeam  ales 

Sparkling  ales 

Stock  ales 

Porter,  and  Stout 

Common  beer 
k,  Weiss  beer 

3.  Spontaneous  Fermentation. 

L  Lambic  '  t^  i  .      i 

T^  ;  Belgian  beers. 

7n.  Faro  \ 

The  influence  of  the  system  of  fermentation  on  the  composition  of  the 
beer  becomes  noticeable,  especially  in  the  different  quantities  of  lattio 
acid  produced  during  fermentation  and  storage. 

Bottom  fermentation  beers  have,  as  a  rule,  less  lactic  acid  and  fewrr 
bacteria  than  top  fermentation  beers;  these,  in  turn,  have  less  than 
spontaneous  fermentation  beers. 

Bottom  fermentation  proceeds  generally  at  a  relativelj^  low  tem- 
perature, viz.,  43-52°  F.,  but  also  as  high  as  45-57°  F. 

The  designation  of  the  two  types  of  fermentation  is  derived  fn)in 
the  fact  that  in  bottom  fermentation  the  yeast  for  the  most  part  settlt-^ 
-CiW  the  bottom,  whereas,  in  top  fermentation,  it  rises  to  the  surface. 

Bottom  fennentation  takes  8-lG  days;  top  fermentation  alxni: 
3-0  days.  . 

In  spontaneous  fermentation  no  yeast  is  added  to  the  wort,  th'* 
termentation  proceeding  slowly  through  ferments  reaching  the  wort  or 
beer  accidentallv. 

Preservative  Principles.  The  characteristic  differences  lx^twei*n  tr.<' 
English  and  (jerman  brewers'  products  consist  mainly  in  tlie  hicl: 
percentage  of  alcohol  in  the  former,  together  with  a  larger  amount  of  hops 
employed,  the  alcohol  content  of  ales  and  stouts  running  from  about 
4  to  6  per  cent,  that  of  lager  beer  from  about  3j  to  4  per  cent,  that  of 
weiss  beer  from  about  2\  to  3  per  cent.  The  amount  of  hops  employtil 
for  ales  and  stouts  averages  over  2  lbs.,  for  lager  beers  from  ^  to  1  lb.. 
for  weiss  beer  less  than  \  lb.  per  barrel.  The  larger  amount  of  alcohol 
for  the  English  breweries'  product,  as  well  as  the  larger  amount  of  hoi>^ 
employed,  are  required  as  preservative  principles,  the  alcohol  and  hop 
resins  having  well-known  antiseptic  properties,  while  the  German  brew- 
eries employ  refrigeration  or  low  temperatures  to  preserve  the  btHT- 
in  storage  and  check  the  growth  of  foreign  ferments.     Weiss  beer,  which 
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has  a  relatively  low  alcohol  content  and  is  produced  with  relatively 
small  amounts  of  hops  and  without  the  application  of  refrigeration, 
fchows  the  influences  of  these  preservative  principles,  inasmuch  as  this 
product  contains  a  large  amount  of  lactic  acid,  produced  by  the  lactic 
acid  ferment,  which  is  unchecked,  as  it  were,  during  the  production 
of  weiss  beer. 

The  difference  in  the  process  of  production  of  English  beers  and 
lager  beers  consists  chiefly  in  the  lesser  quantity  of  materials,  both  malt 
and  hops,  employed  in  the  latter;  in  the  low  initial  mashing  temperatures, 
in  lower  fermentation,  and  very  low  storage  temperatures  (about  32  to 
34°  F.)  and  in  the  treatment  of  the  beer  after  fermentation. 

Ales  and  stouts  undergo  a  brisk  secondary  fermentation  on  storage. 
Lager  beer  reaches  the  storage  or  stock  cellar  either  thoroughly  fermented 
and  then  undergoes  no  secondary  fermentation,  or  it  undergoes  a  slow 
secondary'  fermentation,  in  which  case  the  beers  are  not  chilled  on 
storage  to  the  same  extent. 

Ales  and  stouts  that  are  stored  for  a  long  period  are  called  "  stock  *' 
beers.  Those  which  are  stored  for  only  a  short  period,  undergoing  no 
secondary  fermentation,  are  called  "  mild  beers."  These  are  usually 
brewed  with  less  extract  (about  14  per  cent)  than  stock  beers. 

The  difference  in  the  production  of  ah  and  stout  consists  mainly  in 
the  characteristics  of  the  malt  and  in  the  treatment  of  the  product  after 
fermentation,  ale  being  produced  from  pale,  or  low-kiln  dried  malt, 
stout  from  a  mixture  of  pale  malt,  caramel  malt,  and  black  malt. 

Stock  ale  receives,  after  fermentation,  an  addition  of  hops  in  the 
storage  cask,  whereas  stout  receives  no  such  addition,  with  the  result 
that  ale  undergoes  a  more  brisk  secondary  fermentation  and  consequently 
generally  has  a  higher  percentage  of  alcohol  thpji  stout  of  the  same 
original  gravity  of  wort,  while  stout  contains  on  this  account  more 
extractive  substances,  and  is  therefore  sweeter  to  the  taste  than  ale. 

Lager  beers  and  mild  English  beers  contain  considerably  less  acidity 
than  the  English  stock  beers,  which  are  a  little  tart  to  the  taste,  on 
account  of  some  acidity  taken  up  mainly  during  the  storage  i)eriod, 
from  ferments  other  than  culture  yeast. 

The  amounts  of  lactic  acid  in  the  different  beers,  and  which  may 
l)e  considered  characteristic  of  the  beers,  are  as  follows: 

Weiss  beer,  about 50  per  cent 

Stock  ales  and  stouts,  about 20  to  .  30  per  cent 

Mild  ales,  about 15  to  .  18  per  cent 

German  lager  beers,  al)out 10  to  .  15  per  cent 

American  lager  beers,  about 05  to  .  10  per  cent 

The  acidity  in  lager  beer  is  not  due  to  the  development  during  their 
production  of  lactic  acid  bacteria,  but  to  the  development  of  this  organism 
during  the  growth  of  the  malt.    Unmalted  cereals,  which  are  generally 


i-iiipiojeu  111  Lue  piTjuuiiiuii  ui  .-iiin.in.mi  iiij^vi  invis,  luiuaiii  iiu  atiuiiy, 
hence  the  low  quantity  of  acid  in  these  beers. 

Brewing  Operations  and  Equipment,  Especially  for  the  Production 
of  Lager  Beer.  Boor  is  ])ro<lucetl  from  tlie  materials,  mainly  l)urlpy- 
malt,  liops,  water,  and  >ea.-it,  tliiougli  tlie  processes  of  cleaning  and 
crushing  the  malt,  ma^ihing  of  the  malt  (with  or  without  other  cereals); 
straining  or  filtering  the  n'sulting  .■solution,  which  contains  the  extractive 
substances  of  the  materials,  from  the  grain-s  or  insoluble  portion;  washing 
out  the  grains  with  hot  water;  boiHng  this  solution,  which  is  now  ternietl 
wort,  before  and  after  adtling  hops;  straining  or  filtering  the  hopped 
wort  from  the  spent  hops;  cooling  of  the  wort;  adding  yeast  to  incite 
fermentation;  drawing  off  the  fermented  brer;  clarifying  and  giving  life 
to  the  beer;  racking  the  beer  into  trade  packages. 

Besides  these  operations,  which  more  particularly  concern  the  char- 
acter of  the  finished  protluct;  there  are  many  supplementary  operation:^ 
neces.sary  as  precautionarj'  measures  to  insure  freedom  of  the  l>everage 
from  taint  or  contamination  of  any  kind,  such  as  foreign  odors  or  fernientj!, 
by  varnishing  of  all  large  woo<len  receptacles,  such  as  tanks  and  casks; 
staining  iron  vessels,  such  as  hop-jack ;  pitching  the  wooden  trade  packages, 
such  as  barrels  and  kegs;  thorough  cleansing  of  all  beer  receptacles 
and  utensils,  aseptic  or  antiseptic  treatment  of  all  wort  or  beer  conduits 
and  of  cellar  floors,  walls,  and  ceilings  by  appljing  suitable  washes,  paints 
or  calcimine;  treatment  of  brewing  and  boilor-feed  water,  etc. 

Brewing  Equiinnent.  The  modem  brewery  is  equipped  with  power 
and  refrigerating  plant,  while  the  brewing  operations  proper  are  carrieil 
out  in  three  departments,  each  so  arranged  and  equipped  as  to  allow 
of  a  separate  gravity  plan  of  transfer  of  materials  in  each,  %-iz.,  (l) 
cleaning  and  crushing  of  malt  in  elevator  or  mill  house;  (2)  brewing  oper- 
ations in  brew  house;  (3)  cellar  treatment  in  fermenting  cellars,  stock 
cellars,  and  chip  cask  cellars.  Besides  these  there  are  pro\'ided  a  wash 
house,  the  pitch  yard,  and  in  many  breweries  the  bottling  department, 
or  the  bottlery. 

Mill  House.  This  contains  elevators  and  conveyors  for  bringing  the 
malt  to  the  mall  storage  bins  made  either  of  wood,  steel,  or  concrete, 
capacity  up  to  about  10,000  bushels;  malt  and  cereal  scale  hoppers  of 
steel,  round  or  square,  provi<ied  with  conical  lx)ttom;  wire  cloth  cleaning 
reel;  dusl  colledor;  automatic  weighing  scales;  mall  mill  to  crush  lualt 
for  extraction,  provided  with  magnets  for  removing  particles  of  iron. 

Brew  House,  Fig.  312.  Hot  and  cold  :  aler  tanks;  water  meter  and 
gfkUge.  Cereal  cookers  of  <jlindrical  form  ^f  steel  with  stirrer,  usually 
heated  with  live  steam;  iitaish  lun,  a  cylin<lrico.l  vessel  of  sheet-iron  or  steel, 
supplied  with  a  removable  perforated  strainer  or  false  bottom:  aL*o 
stirring  device  for  mixing  malt  and  water,  a  steam  heating  denee  and 
sparger  to  supply  a  spray  of  water  to  wash  out  grains,  a  batter>'  of  wort 
pipes  connecting  the  Ixittom  of  mash  tun  with  a  copper  receptacle  called 


flow  of  wort;  grains  tank  of  steel  with  conical  Ixittom,  usually  outside 
of  brew  house;  grains  dryer,  muxk  tun  pumps.  Brew  kettle  or  copper  in 
which  the  wort  is  collectetl  from  the  mash  tun  and  is  boiled  before  and 
after   hopping;    usually   pear-shaped,    provided   with   a   steain-jaeketed 


bottom.  Hop-tearing  machine  and  screening  machine  to  separate  the 
valuable  ingretUents  like  lupulin;  hop-jack  provide<i  with  [Mrforated 
false  Ixjttom  to  strain  out  the  spent  hops;  ivorl  pumpx,  piston  or  centrif- 
ugal; surface  cooler,  a  shallow  iron  or  steel  pan,  allowing  aeration  and 
evaporation,  causing  cooling.  Wort  or  beer  tank  takes  place  of  surface 
cooling;    pipe  cooler,  the  most  common  being  the  Baudelot  cooler,  con- 
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sisting  of  a  series  of  pipes  arranged  in  vertical  tiers  over  the  outside  of 
which  the  wort  is  allowed  to  flow;  enclosed  or  double  pipe  cooler  takes 
the  place  of  the  Baudelot,  consisting  of  a  series  of  tubes  forming  angular 
sleeves. 

Fermenting  Cellar,  Starting  or  settling  tubs  of  wood  used  as  receptacles 
in  which  to  start  fermentation  by  adding  yeast  and  in  which  the  sludge 
or  albumen,  coagulated  in  the  kettle  by  boiling,  is  separated,  usually  of 
a  size  to  hold  an  entire  brew.  Fermenting  tubs  used  as  receptacles  for 
the  beer  during  principal  fermentation;  generally  of  cedar,  holding  50 
to  100  barrels  and  more.  AttefnporatorSy  usually  circular  pipes  or  coils 
with  circulating  brine;  suspended  and  immersed  about  2  ft.  below  the 
beer. 

Stock  Cellar.  Stock  or  storage  vats  or  tanks  are  used  for  holding 
beer  during  after-fermentation  or  ripening  process  or  for  general  storage 
purpose,  usually  of  cedar,  upright,  closed  at  the  top,  capacity  from  50 
to  over  1000  barrels;  cylindrical  glass  enameled  steel  vessels  are  also 
used.  Vat  supports  consisting  of  rails  supported  by  cast  iron  legs. 
Manhole  doors,  either  outside,  closed  by  lugs,  or  opening  inward,  placed 
near  l)ottom  of  vats. 

Chip  Cellar.  Chip  casks  in  which  clarifying  and  carbonating  takes 
place,  generally  built  of  quarter-«awed  oak,  usually  barrel  shaped,  the 
large  dimensioned  ones  reinforced  by  iron  rods;  also  steel  construction. 
AtternporatorSy  for  chip  casks  are  often  used,  especially  in  the  production 
of  chill  proof  bottle  l>eer.  Cask  manhole  doors;  cask  supports.  Bunging 
apparatus  for  maintaining  a  certain  pressure  on  the  siu^ace  of  the  lietT 
in  the  chip  cask  and  releasing  an  overpressure.  Beer  filters  are  used 
for  the  purpose  of  straining  out  of  the  beer  any  floating  particles,  such 
as  yeast  or  albumen.  Wood  pulp  serves  as  the  filtering  material,  which 
is  compressed  into  cakes  or  cells  placed  in  a  suitable  copper  or  steel 
shell.  Pressure  regulating  pumps,  which  allow  any  desired  pressure  to 
be  put  on  the  beer  passing  through  the  filter  on  its  way  from  chip  cask 
to  racking  bench,  thus  reducing  necessary  pressure  on  beer  in  chip 
cask  and  strain  caused  thereby.  Back-pressure  racking  machine,  intn>- 
duced  to  prevent  loss  of  gas  and  do  away  with  beer  overflow^  entailed 
by  old  open  style  or  racking-gut  system.  The  beer  enters  through  a 
tube  inserted  through  the  bunghole  of  the  package,  fitting  air-tight, 
and  permitting  the  filling  of  package  against  counter  pressure,  Car- 
bonators,  used  for  the  purpose  of  charging  stock  beer  with  carbonic  acid 
gas,  usually  w^hile  the  beer  is  passing  from  the  chip  cask  to  filter. 

Wash  House.  Where  returned  empty  packages  are  washed.  ^4w/«>- 
7natic  barrel  ivashers  soak,  convey,  scrub,  and  rinse  the  packages  with 
little  labor.  Barrel  elevators  to  raise  filled  packages  from  one  floor  to 
another  or  to  the  loading  platform.  Chip  washer,  a  perforated  revolving 
device  for  washing  chips.  Filter  mass  um^her,  a  vessel  in  which  the 
filter  mass  is  washed   by   agitation   and    flowing   water.     Hoop   drvnng 
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nuuMne,  pitching  machine  and  appliances,  to  apply  a  coat  of  pitch  to 
the  interior  surface  of  the  barrels  or  wooden  trade  packages,  to  prevent 
penetration  of  wood  by  beer  and  consequent  sourii^  or  infection.  Dif- 
ferent systems  are  employed.     The  old  pitch  is  usually  removed   by 
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superheated  steam  or  hot  air  and  fresh  pitch  is  introduced  either  in 
measured  quantity,  or  by  means  of  a  spray,  the  surplus  returning  to  the 
pitch  kettle. 

Bottliim  Plant  The  increasing  demand  for  bottle  beer  in  all  parts 
of  the  United  States  has  resulted  during  the  last  ten  years  in  the  estab- 
lishment of  a  large  number  of  new  bottleries,  palatial  as  to  magnitude 
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of  establishment   and  expense   of  equipment  l>'pical  of  the   technical 
advancement  made  during  that  period. 

General  Arrangement.  This  must  be  done  with  an  eye  to  economy 
and  thoroughness.  There  should  be  absolutely  no  useless  or  double 
handling  of  any  bottle  or  case,  and  benches  or  machines  should  i)e  so 
placed  in  relation  to  each  other  that  they  fonn  aa  unbroken  line  from 
the  dirty  returned  bottle  to  the  capped  and  labeled  bottle  in  the  case 
for  delivery. 

The  bottles  should  first  be  placed  in  the  soaking  device  (tank  or 
machine),  from  which,  when  all  labels,  tinfoil,  etc.,  are  removed,  they 
are  run  through  the  wa^shing  machine,  placed  on  the  adjacent  rack  next 
to  the  filling  machine,  and  closed  either  with  cork,  cap  or  patent  stopper. 
They  are  then  carefully  examined,  clamped  or  wired,  and  put  in  a  crate 
previous  to  going  into  the  pasteurizing  tank.  After  being  sterilized  in 
a  hot  water  bath,  they  are  labeled  and  capped  with  tin  foil.     - 

In  large  establishments  the  filling  from  barrels  carted  to  the  lx)ttler>' 
across  the  public  highway — as  required  by  law — has  been  generally 
replaced  by  filling  from  government  tanks,  connected  by  pii>e  line  from 
the  chip  casks  directly.  Here  the  casks  or  tanks,  placed  in  a  separate 
refrigerated  room  under  the  bottle  shop,  are  filled  and  gaugeil  un<ler 
control  of  a  government  inspector. 

Equipment,  Bottle  soaking  tanks  usually  divided  into  compartments 
through  which  the  bottles  by  means  of  endless  chains  are  carried,  filling 
and  emptying  automatically  with  solutions  of  soda  and  finally  water. 
Washing  and  rinsing  machines  for  thoroughly  cleansing  the  bottle  inside 
and  outside.  Bottle  fillersy  bottle  closing  machines  for  cork,  patent  stopper, 
crown,  or  seal.  Pasteurizing  tanks^  with  automatic  temperature  regulators, 
containing  hot  water  baths  in  which  the  bottles  are  immersed  or  through 
which  they  are  carried  by  endless  chains  in  order  to  be  sterilized,  the 
temperature  of  the  pasteurizing  bath  being  maintained  at  approximately 
140°  F.  Labeling  J  dating  y  iciring  machines.  Accessories:  tin  foil  removers: 
cork  extractors;  steaming  caps;  steaming  trays  or  boxes. 

Power  Plant.  The  consumption  of  fuel  in  the  power  plants  of 
breweries  is  an  important  economic  question  and  is  receiving  more  expert 
attention  of  late.  Breweries  are  therefore  found  that  engage  the  best 
technical  engineering  talent  and  install  the  most  efficient  and  up-to-date 
appliances  for  the  production,  transmission  and  application  of  power 
for  heating,  lighting,  cooling,  and  ventilating. 

The  boiler  plant j  with  its  automatic  stoker  system;  the  machine 
room,  with  its  steam  engines,  refrigerating  machines,  air  compressors, 
dynamos,  or  motor  generators  for  furnishing  power  and  electric  current 
for  pvunps,  conveyors,  stirrers,  for  arc  and  incandescent  lamps;  venti- 
lators, etc. 

Refrigerating  Plant.  In  the  production  of  lager  beers  low  cellar 
temperatures  are  necessary.     These  were  formerly  obtained  by  enaplo}- 
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ing  ice  for  cooling  the  rooms  but  a  refrigerating  plant  is  now  part  of 
every  well-equipped  brewery.  This  plant  includes  the  refrigerating  machine; 
the  piping  with  condensers  and  pan;  Baudelot  cooler;  enclosed  coolers, 
attemperators  in  fermenting  vats  and  chip  casks.  The  rooms  to  be  cooled 
are  the  settling  tank  room,  fermenting  room,  stock  cellar,  chip  cask  cellar, 
racking  room,  hop  storage  room,  ice  storage. 

Refrigerating  machines  used  in  breweries  are  of  the  compression 
order,  the  process  being  practically  the  same  for  all  types,  the  principle 
l)eing  based  on  the  abihty  of  certain  gases,  usually  ammonia  but  also 
carbonic  acid  and  others,  to  become  liquid  by  compression  and  cooling, 
usually  by  water  which  absorbs  and  carries  away  the  heat  (in  the 
condenser);  and  the  ability  of  these  gases  to  evaporate  at  temperatures 
required  in  the  cooling  pipes  or  coils,  thereby  abstracting  heat  from  the 
surrounding  air  or  liquid,  thus  lowering  their  temperature. 

Brewing  Materials.  The  materials  commonly  employed  wherever 
l)eer  is  produced  are  hopsj  multj  and  water.  In  some  countries,  like 
England,  sugars  and  other  adjuncts  are  used  in  part  with  malt;  in  the 
United  States  com  is  commonly  employed  besides  rice  and  sugars.  In 
(lermany  the  employment  of  any  substitutes  for  or  adjuncts  to  malt  is 
prohibited.  Barley  is  the  distinctive  cereal  that  furnishes  malt,  the 
exception  being  wheat  used  for  weiss  beer  malt. 

Malt  and  Cereals.  Malt  is  produced  from  barley  by  the  processes 
of  cleaning,  steeping  in  water,  germinating  on  the  floor  or  in  compart- 
Uionts  or  drums,  kiln  drying. 

Properties  of  Mali,  The  berries  should  be  of  uniform  size  and  shape; 
husk  and  endosperm  of  light  color;  it  should  be  free  from  other  grain 
like  wheat  or  oats,  or  seeds  Hke  mustard,  rape;  odor  aromatic,  not 
musty;  growth  uniform  with  about  90  per  cent  of  acrospire  three- 
ciuart(»rs  up;  condition  of  endosperm  mellow,  not  flinty;  laboratory 
yield  on  dry  basis  about  72  to  74;  moisture  content  not  over  6  per 
cent,  lest  slackness  ensue;  strong  dia^static  and  peptic  power  for  proper 
inversion  of  starch  and  albumen;  bushel  weight  not  less  than  34  nor 
more  than  38  lbs. 

Corn  is  employed  with  germ  and  husk  more  or  less  removed  in  the 
form  of  grits  or  meal  in  a  separate  cooker  or  in  the  fonn  of  flakes  in  the 
mash  tun;  rice  either  broken  or  as  meal  in  the  cooker;  wheat  in  flaked 
condition  in  the  mash  tun  or  crushed  (by  means  of  malt  mill)  in  cooker. 

Malt  yields  about  64  to  70  per  cent  of  extract  in  the  brewery,  of 
which  4  to  5  per  cent  are  albuminoids;  rice  about  75  to  80  per  cent, 
corn  about  75  to  78  per  cent;  wheat  about  65  to  70  per  cent,  of  which 
2  to  3  is  albumen;  rice  and  com  yield  practically  no  albumen. 

The  employment  of  unmalted  cereals  like  rice  and  corn  offers  a 
number  of  advantages.  They  can  generally  be  obtained  at  a  lower  price 
and  yield  more  extract  than  malt.  They  lend  themselves  better  to  tha 
production  of  beers  of  Bohemian  or  Vienna  types  than  all  malt.     The 


6W  INDUSTRIAL  CHEMISTRY 

resultant  beera  are  of  paler  color,  of  greater  stability  when  past*urize<l 
and  their  brilliancy  less  affected  by  low  temperatures. 

The  employment  of  wheat  may  not  lie  more  economical,  nor  are  ibf 
wheat  beers  more  stable  or  less  scasitive  to  low  temperatures  than  ali- 
malt  beers.  They  have  a  peculiar  palatefulnoss  that  recomniend.s  thi-ni 
in  some  localities. 

Commercial  glucose  and  other  brewing  t;ugars  are  prepared  from  t'.\c 
starch  of  com  through  inversion  by  acids  at  high  heats  {under  pressor*':. 
They  contain  dextrose  and  dextrin  in  varying  quantities. 

Other  Adjunds.  Dark  malls.  For  preparing  a  beer  of  dark  color 
a  malt  may  be  used  which  has  been  subjected  to  special  treatment  in 
the  kiln,  so  as  to  acquire  a  dark  color,  such  as  caramel  malt,  the  hitk 
of  which  is  yellowish  brown,  while  the  endosperm  has  a  decidedly  brown 
color.  In  its  preparation,  ordinary  malt  of  good  quaUty  is  steeped  for 
a  while,  so  as  to  take  up  a  certain  amount  of  moisture.  It  is  then  dried, 
and  heated  in  suitable  vessels,  first  to  a  comparatively  low  temperature 
in  order  to  promote  the  formation  of  sugar,  and  later  to  higher  tempera- 
tures at  which  the  sugar  is  caramelized.  Black  malt  is  dried  at  higher 
temperatures,  so  that  both  the  husk  and  the  endosperm  possess  a 
blackish  brown  color.  It  does  not  have  the  pleasant  caramel  taste  uf 
caramel  malt.  The  coloring  power  is  very  great.  Mall  color  is  an 
extract  of  black  malt,  filtered  and  evaporated  to  a  syrupy  consistencj'. 
Roasted  com  is  prepared  from  com  in  the  same  manner  as  black  from 
barley,  i.e.,  by  heating  to  higher  temperatures.  Its  coloring  power 
equals  that  of  black  malt. 

Hops.  Hops  as  they  are  used  in  the  brewery  are  cone^baped  forma- 
tions, representing  clusters  of  blossoms  of  the  female  hop  plant.      From 


Fig.  314.— Hop  Cimc  (rnriiip  Ktagc).  Fig,  315.— Hop  Cone  (Ri|>o  SUgp). 

forty  to  sixty  flowers  are  grouped  together  on  a  central  spindle  which  is 
zig-zag  shapetl,  forming  a  Ko-called  hop  cone  or  the  umbel  of  the  hop. 
At  the  time  of  maturity,  the  seed  of  the  hops  and  the  whole  lower  and 
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inner  parts  of  the  bracts  are  covered  with  a  fine  light-yellow  dust  consisting 
of  minute  granules  of  lupuiin,  which  contain  both  the  bitter  and  aromatic 
principles  of  the  hops,  viz.,  the  hop  oils  and  resins,  besides  hop  tannin,  hop 
bitter  acids,  hop  wax,  nitrogenous  bodies,  carbohydrates  and  mineral  sub- 
stances, an  enzyme  (diastase)  which  is  of  special  importance  in  ale  brewing. 

Up  to  1808  hop  culture  remained  confined  to  three  New  England 
States,  Massachusetts,  Vermont  and  Maine.  Later  the  hops  from  New 
York  State  were  found  not  only  superior  in  quality,"  but  three  times  as 
prolific.  About  1860,  small  patches  were  planted  to  hops  in  Wisconsin 
and  Michigan  but  by  1880  hop  cultivation  was  well  introduced  in 
California,  Oregon,  and  Washington,  which  States,  together  with  New 
York,  now  furnish  the  hops  for  the  American  market,  while  large  quantities 
are  also  exported. 

Water.  A  good  brewing  water  should  be  clear,  bacteriologically  pure 
(uncontaminated  by  sewage),  free  from  odor  or  taste;  moderately  hard 
with  a  moderate  amount  of  sulphate  of  lime,  and  common  salt,  free  from 
iron  and  alkali.  Such  water  is  also  adapted  for  malting;  for  washing  of 
tanks,  bottles  and  barrels,  filter  mass;  for  watering  yeast,  and  dissolving 
isinglass.  For  the  steam  boiler  the  softest  water  is  the  best  if  free  from 
odor;  for  cooling  it  should  be  free  from  acids  and  not  too  hard. 

If  water  does  not  come  up  to  requirements  it  may  be  improved  by 
filtration,  by  boiling,  by  hardening,  by  supplying  deficient  mineral  matter 
(Burtonizing)  especially  practiced  in  ale  brewing;  by  softening  and  by 
purification. 

Varnish.  Wooden  vessels  in  the  brewery,  like  starting  vats,  ferment- 
ing vats,  stock  tubs,  and  chip  casks,  are  varnished  for  the  purpose  of  pro- 
venting  any  extractive  matters  that  may  remain  in  the  wood  from  getting 
into  the  beer.  At  the  same  time  the  varnish  prevents  the  beer  from  pene- 
trating into  the  pores  of  the  wood  where  it  would  sour  and  become  a  source 
of  infection  that  would  subsequently  attack  the  beer  run  into  the  vessel. 
Varnish  in  general  is  a  solution  of  shellac,  in  either  grain  or  wood  alcohol 
properly  rectified;  raw  wood  alcohol  is  extremely  poisonous. 

Pitch.  Trade  packages  are  internally  covered  with  a  coat  of  pitch 
for  similar  purpases  to  those  which  lead  to  varnishing  storage  casks,  etc., 
i.e.,  to  prevent  the  beer  from  coming  into  contact  with  the  wood.  Ordinary 
l^rewers'  pitch,  most  commonly  used,  is  the  purified  resin  of  certain  con- 
iferous trees,  as  pines,  firs,  called  turpentine.  The  resulting  colophony 
is  softened  or  made  pliable  by  melting  with  some  rosin  oil,  cotton-seed 
oil  or  paraffin. 

Clarifying  Chips  are  used  at  the  expiration  of  the  storage  period; 
these  being  strips  of  wood,  usually  beech  or  maple,  6  to  12  in.  in 
length,  with  a  thickness  one-twelfth  of  an  inch.  They  should  be  well 
seasoned  and  carefully  boiled  out. 

Isinglass  for  beer  clarification  is  derived  from  fish  sounds,  or  hide  of 
the  calf,  containing  gelatine  as  active  principle. 
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Brewing  Operations*  Brewing  operations  proper  ineludo  all  opx^ratiori- 
conducted  in  the  mill  and  brew  house,  viz.,  cleaning  and  crushing  the  niah : 
mashing;  straining;  l)oiling  before  and  after  hopping;  hop  straining: 
cooling. 

Mashing  Systems.  Different  methods  of  applying  temperatures  tr* 
a  mash  supply  the  following  systems: 

1.  Infusion. or  water  mash:    English  beers.     High  initial  tempt r- 

ature?.  ^ 

2.  Decoction  or  thick   mash:     German  lager  beers.     Low  iniiLi. 

temperatures. 

3.  Malt  infusion  and  unmalted  cereal  decoction  mash :    American 

lager  beers.     IjOw  initial  temperatures. 

By  the  infusion  method  the  mash  is  brought  to  its  final  temperature  hy 
the  admixture  of  water  of  suitably  high  temperature.  By  the  decoctiun 
method,  part  of  the  mash  itself  is  raised  to  a  boil  and  then  retume<i  Xi* 
the  mash  tun.  The  unmalted  grain  is  boiled  separately  with  some  malt 
and  run  into  the  malt  mash  to  produce  the  final  temperature. 

American  Brewing  Operations.  Cleaning  and  crushing  the  nml^ 
in  a  roller  mill;  mixing  the  grist  with  water,  approximately  100  lbs.  i4 
malt  per  barrel,  at  100°  F.,  in  the  mash-tuny  which  contains  false  bottom 
and  stirrer;  holding  the  mash  here  for  peptic  action  for  about  one  hour: 
when  boiling  hot  rice  or  corn  mash  or  hot  water  is  run  in,  raising  temper- 
ature to  about  154°  F.,  maintaining  this  temperature  for  about  15  minuti-^ 
for  diastatic  action,  and  raising  to  final  temperature  of  about  165^  F. 
in  15  minutes,  resting  the  mash  about  30  to  45  minutes;  tapping;  strain- 
ing, when  clear,  into  kettle;  sparging  the  grains  left  in  mash-tun  with 
water  of  165°  until  thoroughly  extracted;  boiling  wort  in  keUle  l)efon^ 
addition  of  hops  for  about  one  hour,  and  one  hour  more  with  hops;  runninjj 
brew  into  hop-jack j  straining  out  the  hops;  piunping  wort  on  surface 
cooler,  running  over  Baudelot  cooler  into  fermentation  starting  vat,  when* 
it  is  yeasted.  Rice  or  corn  are  generally  mashed  in  a  separate  cooker 
together  with  a  part  of  the  malt,  and  when  boiled  sufficiently  long  the 
mash  is  united  wnth  the  malt  mash  in  the  mash-tun. 

American  Lager  Beer.  Pale  Lager  Beer,  Strength  of  wort,  12  to 
13  per  cent  extract.  Material,  50  to  55  lbs.  per  barrel,  of  which  about 
two-thirds  should  be  pale  malt  and  one-third  may  be  unmalted  cereal<. 
like  corn  grits,  corn  meal,  corn  flakes,  com  starch  or  rice.  Sugars  likr 
glucose  may  also  be  employed  to  the  amount  of  about  25  per  cent  in  place 
of  unmalted  cereals. 

Malt  Beers  are  brewed  from  12  to  15  per  cent  extract,  and  requin^ 
50  to  60  lbs.  of  malt. 

Pale  Lager  Beers  should  be  brewed  from  12  to  13  per  cent  extract, 
and  require  from  45  to  53  pounds  of  material,  of  which  two-fifths  may  U* 
unmalted  cereals. 
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Pole  Bottled  Lager  Beers  should  be  brewed  from  13  to  15  per  cent 
extract,  and  require  from  52  to  60  lbs.  of  material,  three-fifths  of  which 
may  be  malt  and  two-fifths  unmalted  cereals. 

Temperance  Beers  are  brewed  with  about  7  to  8  per  cent  extract. 

Mall  Tonics  are  brewed  with  about  15  to  18  per  cent  extract. 

Principles  of  Mashing.  Mashing  is  the  process  of  extracting  the  goods 
by  mixing  them  with  water  at  suitable  temperatures  and  in  proper  relative 
quantities,  preparatory  to  boiling  in  the  kettle. 

Chemically  it  proceeds  in  the  main  by  the  inversion  of  the  starch  into 
maltose,  malto-dextrin,  and  dextrin,  and  the  modification  of  the  insoluble 
albuminoids  into  a  soluble  form.  These  changes  are  brought  about  by 
the  agency  of  two  substances  which  are  contained  in  the  malt,  and  begin 
operations  when  the  malt  is  mixed  with  water  at  definite  temperatures. 


OMiaofuajt- 

aeuAMzis- 


Fig.  316. — Mash-tun  and  Apparatus. 


These  substances  are  called  diastase  and  peptase.  They  were  formerly 
called  chemical  ferments  as  distinguished  from  the  organic  ferments  which 
are  responsible  for  fermentation.  At  the  present  day  the  term  enzymes, 
or  soluble  ferments,  is  more  commonly  applied  to  them.  It  is  the  function 
of  the  diastase  to  invert  the  starch,  of  the  peptase  to  modify  the  albu- 
minoids of  malt,  as  above  indicated. 

The  amounts,  both  absolute  and  relative,  of  dextrin,  maltodextrin 
and  maltose,  as  well  as  of  the  modified  albuminoids  like  albumoses,  pep- 
tones and  amides,  finally  present  in  the  wort,  are  materially  affected  by 
the  conditions  under  which  the  enzymes  do  their  work.  Hence,  it  is  in 
the  power  of  the  brewer  to  control  the  composition  of  the  wort,  within 
certain  limits,  by  modifjdng  such  conditions. 

It  generally  being  desirable  to  obtain  beers  with  a  high  degree  of 
palatefuUness  and  foam  stabilitj^  properties  dependent  in  the  main  upon 
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the  amount  of  unfermentable  extractive  substances  left  in  the  beer,  among 
which  there  should  be  a  sufficient  amount  of  the  desirable  albuminoids 
or  proteids,  the  mash  is  generally  peptonized  at  low  temperatures,  for 
instance  100°  F.,  for  about  one  hour,  while  the  starch  is  inverted  at  higher 
temperatures,  for  instance,  for  fifteen  minutes  at  154°  F. — slowly  raising 
to  165-166°  F. — the  latter  usually  being  the  final  mashing  temperature. 
The  peptonizing  enzyme  "  peptase  "  is  most  active  at  about  100-120° 
F.;  disustase  at  about  140-154°;  over  170°  the  diabase  becomes  ver>' 
weak. 

Malt  contains  diastase  in  quantities  sufficient  to  convert  into  maltot^ 
more  starch  than  that  which  is  stored  up  in  the  malt  itself  and  American 
malts  on  an  average  possess  a  much  greater  diastatic  strength  than  German 
malts,  in  fact,  their  power  in  this  respect  is  so  great  that  there  is  danger 
of  carrying  saccharification  too  far,  if  the  mashing  temperatures  that  are 
customary  in  Germany  were  retained.  Hence,  the  principles  of  raw 
cereal  brewing  became  the  subject  of  closer  study  in  this  country. 

Water.  The  amount  of  water  to  be  employed  in  the  production  of 
100  barrels  of  wort  or  about  100  barrels  of  beer,  is  approximately 
135  barrels.  Some  of  the  water  employed  is  left  in  the  grains  (about  20 
barrels),  some  is  evaporated  in  boiling  (about  10  barrels),  some  is  evaporateti 
on  the  surface  cooler  (about  5  barrels). 

With  grits  and  meal  use:  For  100  lbs.  of  material  in  rice  tub,  1  barrel 
of  water;  for  100  lbs.  of  corn,  30  lbs.  of  malt.  Boil  grits  75  minutes. 
meal  45  minutes. 

While  the  mash  machine  is  in  operation,  a  slow  stream  of  water  should 
be  forced  continually  through  the  underlet  (pfaff)  to  keep  openings  clear: 
also  directly  after  stopping  machine  after  reaching  mashing-off  tem- 
perature. 

Live  Steam  can  be  employed  directly  for  heating  the  mash,  if  the 
water  used  for  boiler  feeding  is  of  good  or  medium  purity,  i.e.,  if  it  does 
not  impart  to  the  steam  any  obnoxious  substances.  Care  should  also 
be  taken  in  the  selection  of  a  proper  boiler  compound  for  the  same  reason. 
Instead  of  heating  with  live  steam  the  mash  tun  may  be  provided  with 
a  steam  jacket  or  coil.  When  the  end  temperature  is  reached,  a  sample 
of  the  mash  should  not  show  any  starch  by  the  iodine  test. 

Let  the  all-malt  mash  rest  thirty  minutes  and  the  cereal  mash  forty- 
five  minutes.  If  allowed  to  remain  standing  too  long  the  grains  will 
settle  too  firmly. 

Tapping,  Open  the  taps  wide,  one  by  one,  for  a  few  seconds,  and 
close  them  again;  the  recoil  of  the  liquor  will  rinse  out  underdough.  Then 
open  the  taps  gradually  until  a  proper  flow  of  wort  is  obtained.  Pump 
the  wort  back  into  the  mash  tub  as  long  as  it  runs  turbid,  which  usually 
lasts  eight  to  fifteen  minutes.     The  wort  should  then  flow  quite  bright. 

Sparging,  This  process  consists  in  sprinkling  hot  water  over  the 
grains  to  wash  out  as  much  as  possible  of  the  valuably  constituents  remain- 
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ing  in  them.     The  amount  of  sparging  water  should  be  considered  when 
starting  the  mash,  with  reference  to  the  total  amount  of  wort  desired. 

Boiling  the  Wort.     The  wort  obtained  by  mashing  is  boiled  for  a  certain 
period  for  the  purpose  of  eliminating  or  rendering  harmless  certain  undesir- 
able constituents,  like   coagulable   albuminoid.^,   and   introducing  other 
new  bodies,  like  hop  resin  and  hop  oil,  by  extraction  from  the  hops.    Besides, 
during  heating  and  tK>iling  the  wort  assumes   a  darker  shade,  due   to 
caramelization  of  the  sugars;   water  evaporates,   resulting  in   a  denser 
liquid,  and  the  tannic  acid  of 
the  hops  coagulates  an  addi- 
tional quantity  of  undesirable 
albumen,  this  coagulation  aid- 
ing in  clarifying  the  wort  and 
causing  it  to  "  break." 

In  the  United  States  the 
wort  is  generally  heated  by 
steam  jackets  and  sometimes 
by  steam  coils,  direct  fire 
kettles  having  gone  Quite  out 
of  use.  Steam  is  turned  on 
when  the  wort  flomng  from 
the  mash  tub  covers  the  heat- 
ing surface  in  the  copper, 
and  the  temperature  kept  at 
about  190°  F.  {70"  R.)  until 
all  the  wort,  including  sparg- 
ings,  has  run  in.  Unless  very 
pale  beer  is  desired,  the 
brewer    may  bring  the   wort 

to  a  boil  while  it  is  flowing  yig.  317.— Brew-kettle, 

in.     During  the  boihng  period 
the  wort  should  be  kept  in  a  state  of  vigorous  ebullition. 

Straining.  From  the  copper,  the  wort  runs  into  the  hop-jack,  where 
it  is  allowed  to  stand  for  a  period,  to  permit  the  hops  and  albuminoids  to 
settle. 

The  wort  should  not  be  allowed  to  rest  longer  than  fifteen  minutes, 
as  a  dark  color  or  rank,  bitter  taste  may  result  if  wort  is  left  in  contact 
with  hops  too  long.  The  hop  jack  is  provided  with  a  false  hiottom,  through 
which  the  wort  is  drained  into  a  pump  that  delivers  it  to  the  coolers. 
The  hops  remaining  on  the  false  bottom  are  sparged  with  hot  water  to 
wash  out  the  wort  they  contain.  If  the  wort  remains  in  hop-jack  very 
long,  or  if  the  .spent  hops  are  pressed  out  to  gain  the  wort,  a  rank  bitter 
taste  of  the  beer  is  apt  to  result. 

Cooling.  The  wort  reaches  the  surface  cooler,  a  large,  shallow  iron 
pan,  and  remains  here  a  short  period  for  the  purpose  of  preliminary  cool- 
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ing.  The  wort  should  be  cooled  to  145°  F,,  and  not  lower,  on  the  surfac 
cooler,  and  receive  proper  aeration  during  cooling,  avoiding  all  sourfe^ 
of  contamination  in  the  meantime.  Aeration  of  the  wort  during  cooIIm 
has  the  effect  of  further  precipitating  undesirable  albuminoids.  Besidf^, 
the  wort  absorbs  air,  which  is  utilized  by  the  yeast  later  on.  Mast  of 
the  microbes  that  reach  the  wort  below  145°  F.,  will  remain  alive,  the  mo^t 
common  ones  being  butyric  and  lactic  acid  ferments  and  wild  yeasts. 

Baudelot  Cooler.  After  the  preliminary  cooling  the  wort  is  sent  over 
the  Baudelot  cooler,  where  it  should  be  cooled  down  to  48°  F,,  which  i- 
sufficiently  low.  Formerly  it  was  a  general  rule,  however,  to  cool  the  won 
to  as  low  a  temperature  as  42°  F.  The  Baudelot  cooler  is  a  pipe  cooler, 
in  two  sections,  the  upper  one  cooled  by  water,  the  lower  one  by  brine  or 
ammonia.     The  wort  runs  down  over  the  outside  surfaces  of  the  pipe^. 


lli 


1^ 


Fig.  3I8.~Baud(-lot  Cooler. 


Enclosed  Cooler.  These  have  been  taking  the  place  of  the  former  in 
many  breweries  of  late.  The  wort  circulates  through  a  pipe  system  and 
IB  cooled  through  a  counter  current  of  water  until  it  reaches  the  brine  or 
ammonia  section.     Artificial  aeration  must  be  provided. 

Cold  Break.  After  the  wort  leaves  the  coolers  it  should  show  a  good 
"  cold  break,"  that  is,  it  should  settle  clear  in  the  sample  glass  at  a  temper- 
ature l)eIow  40°  F.,  or  filter  clear.  If  it  does  not,  the  turbidity  may  Ijc 
due  to  unconverted  starch,  to  albumen,  or  to  infection. 

Loss  in  Volume.  A  certain  loss  in  volume  will  occur  on  the  passage 
of  the  wort  from  kettle  to  settling  tank,  due  to  (1)  concentration  in  cooling, 
about  4j  per  cent;  (2)  evaporation  of  water,  about  5  per  cent;  (3)  adhesion 
of  liquid  to  surfaces  of  vessels,  pipes,  etc.,  about  J  per  cent.  When  hops 
are  properly  sparged  it  will  take  about  107  barrels  of  wort  in  the  kettle 
to  obtain  100  barrels  in  the  cellar. 

Fennentii^  Cellar  Operations.  Pitching  vnth  yeast.  Fermentation 
is  induced  in  the  wort  by  adding  yeast  properly  prepared,  which  opera- 
tion is  termed  "  pitching."     The  common  practice  is  to  mix  the  yeast  with 
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an  equal  quantity  of  finished  wort  or  first  boiled  wort  of  about  55-60° 
F.,  rouse  well  to  insure  aeration  and  breaking  up  of  cell  aggregations, 
transfer  to  settling  tank  when  the  mass  is  in  fermentation,  mixing  with 
it  the  wort  as  the  latter  runs  from  the  cooler. 

Amount  of  Yeast,  The  amount  of  yeast  needed  to  secure  a  normal 
fermentation  is  from  f  to  IJ  lbs.  per  barrel;  the  lesser  quantities  sufficing 
with  lesser  densities  of  wort,  greater  yeast  vigor,  better  aeration. 

Fermentation  Phenomena,  Within  fifteen  to  twenty-four  hours, 
according  to  the  pitching  temperature,  little  white  bubbles  appear  around 
the  sides  of  the  vessel.  The  beer  at  this  time  is  covered  with  a  dark  head 
of  a  thick  consistency,  composed  largely  of  albuminoid  matter,  coagulated 
during  the  boiling  period  (sludge).  The  head  of  impurities  being  skimmed 
ofif,  the  whole  surface  is  found  to  become  quickly  covered  with  a  fine  white 
froth  ("  whitening  over  "),  rather  higher  around  the  rim  than  in  the  middle, 
denoting  that  carbonic  acid  gas  is  escaping  through  the  fermentation  of 
the  sugar  (maltose). 

Kraeusen.  The  head  of  froth  begins  to  move  from  the  sides  of  the 
vessel  to  the  middle,  and  assume  a  frizzled  appearance,  small  cockle-shaped 
mounds  beginning  to  rise  all  over  the  surface.  At  the  expiration  of  twenty 
to  thirty-six  hours  after  pitching,  the  surface  should  be  curly  and  pure 
white.  C*  young  kraeusen  '')•  From  the  time  the  froth  head  begins 
to  move  toward  the  middle,  fermentation  becomes  more  active,  the  head 
rising  all  the  time  ("  high  kraeusen  ").  At  the  same  time  the  temperature 
rises,  slowly  at  first,  more  rapidly  as  the  activity  of  fermentation  increases, 
while  the  saccharometer  indication  or  density  decreases  more  rapidly, 
the  drop  amounting  to  one-fourth  to  one-half  of  one  per  cent  a  day  in  the 
early  part,  and  reaching  one  to  one  and  one-half  toward  the  high  kraeusen 
stage.  The  curly  head  of  froth  turns  a  darker  color  while  rising  in 
height. 

The  high  kraeusen  stage  is  reached  seventy  to  eighty  hours  after 
pitching  and  is  maintained  for  a  period  of  forty-eight  to  seventy-two 
hours,  varying  according  to  different  influences.  During  this  time  the 
fermenting  beer  is  kept  at  a  certain  low  temperature,  48  to  50°  F.,  and 
as  high  as  58°  F.,  by  means  of  attemperators,  and  when  the  head  begins 
to  collapse  is  cooled  slowly  to  39°  F.  The  saccharometer  falls  more  slowly 
as  the  end  of  the  principal  fermentation  draws  near.  When  the  end  is 
reached,  the  fall  of  the  saccharometer  is  commonly  j'q  to  ^^^  per  cent 
in  twenty-four  hours. 

The  yeast,  which  had  been  kept  in  suspension  during  fermentation 
through  the  escape  of  carbonic  acid  gas,  should  now  Jbe  found  settled  on 
the  bottom  of  the  fermenter;  the  amount  being  about  three  to  four  times 
the  quantity  used  for  pitching. 

Sample  Glass.  In  a  sample  glass  the  beer  should  show  quick  sedi- 
mentation and  clarification  in  about  twenty-four  hours  at  cellar  tem- 
perature. 
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Yeast  Properties,  Yeast  has  a  thick,  stiff  pasty  consist>ency,  not 
watery  or  slimy,  a  yellow  to  brownish  color,  a  bitter  tast<:;  due  to  hop- 
resin,  and  a  characteristic  odor. 

It  consists,  for  the  most  part,  of  single  cell  organisms  of  the  class 
saccharomyces  and  species  cerevisiae.  Yeast  mechanically  encloses  a 
large  amount  of  water  or  beer — about  50  per  cent — through  which  are 
dispersed  minute  bubbles  of  carbonic  acid  gas,  that  escape  when  the  yeasi 
is  stirred,  emitting  a  rustling  sound.  After  the  beer  has  run  from  the 
ferment er,  the  yeast  sediment  should  be  quite  firm  and  thick.  However, 
unless  an  absolutely  pure  culture,  every  yeast  has  an  admixture  of  foreign 
organisms,  as  bacteria,  wild  yeasts,  and  mycoderma.  All  these  impur- 
ities may  be  classified  as  "  potentially  dangerous." 

Yeast  Type.  The  course  of  the  fermentation  as  performed  by  the 
yeast  depends  not  only  on  the  vitality  and  environment  of  the  j'east, 
as  age  of  yeast,  temperature,  aeration,  composition  of  nutritive  medium, 
presence  or  absence  of  other  organisms,  but  also  upon  the  tj^pe  of 
yeast  employed,  which  may  be  distinguished  by  differences  in  proper!  if^ 
possessed,  or  effects  produced  by  them. 

Types  of  cultivated  yeast  are  distinguished  by  differences  in  the  fol- 
lowing properties  posst^ssed,  or  effects  produced,  by  them: 

1.  Degree  of  attenuation; 

2.  Fermentative  energy,  or  rapidity  of  attenuation; 

3.  Reproductive  energy,  or  growth  of  yeast; 

4.  Rapidity  of  settling  of  yeast,  or  clarification  of  beer; 

5.  Compactness  of  settling  of  yeast; 

6.  Qualities  of  beer  obtained,  as  taste,  odor,  and  durability. 
Yeast  Clusters,     The  grouping  together  in  clusters  of  micro-oi^ani<ras 

like  yeast,  is  brought  about  by  a  mucilaginous  secretion  of  the  cell  mem- 
brane, so  that  cells  which  come  in  contact  stick  together  in  larger  or 
smaller  cell  aggregations  or  clusters  or  flakes.  This  gives  rise  to  a  more 
rapid  settling  of  the  yeast,  that  is  clarification,  after  principal  fermenta- 
tion on  storage  and  in  chip  cask,  and  more  compact  settling  of  the  yea^t 
in  fermenting  vat  and  yeast  vat,  a  better  break  of  the  beer,  and  is  of 
influence  regarding  attenuation.  Low  attenuating  types  fomi  larger 
clusters  than  high  attenuating  t3npes,  while  wild  or  foreign  yeasts  do  not 
have  the  faculty  to  any  extent. 

Stock  Cellar  Operations.  Tanking  the  Beer.  The  beer  is  brought 
from  the  fermenting  vat  to  the  stock  tank  either  at  the  temperature  to 
which  it  has  been  cooled  in  the  fermenter  and  then  it  undergoes  a  secondary 
fermentation,  or  it  is  further  chilled  on  its  way  to  the  stock  cellar,  passing 
it  through  a  cooler  in  which  case  no  secondary  fermentation  Ls  anticipate<l 
and  the  beer  should  reach  the  stock  tank  thoroughly  fermented. 

Storage  is  that  stage  in  which  the  beer  is  kept  after  the  conclusion 
of  the  primary  fennentation  and  prior  to  final  clarification  for  the  trade 
package. 
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The  objects  of  resting  the  beer  are  to  eliminate  certain  sus])ended 
matter,  like  yeast,  thereby  securing  greater  clearness,  and  certain  objec- 
tionable matters,  like  albumins,  thereby  securing  greater  durability, 
especially  in  pasteurized  bottled  goods. 

During  the  storage  period  there  should  be  a  slight  progress  of  secondary 
or  after-fermentation,  unless  final  attenuation  was  reached  pre\dously. 
The  residue  of  maltose  and  part  of  the  maltodextrin  are  fermented  by  slow 
degrees,  the  amounts  of  carbonic  acid  and  alcohol  increasing. 

The  yeast  settles  the  more  quickly,,  the  less  sugar  there  is  present 
and  the  smaller  the  storage  vats;  the  albumins  are  the  more  thoroughly 
eliminated,  the  better  the  mash  was  peptonized,  the  lower  the  storage 
temperature,  and  the  longer  the  period  of  storage.  Hence,  long  storage 
at  low  temperatures  enhances  the  stability  of  beer  after  pasteurization. 

Starch  particles  do  not  settle  on  storage.  Nor  can  dependence  be 
placed  on  improving  the  beer  through  long  storage  in  respect  to  number 
of  bacteria  it  contains.  On  the  contrary,  bacteria  may  increase  during 
f^torage. 

Low  temperatures  while  the  beer  is  in  storage,  are  necessary  to  pre- 
cipitate the  albumins  and  to  check  the  development  of  bacteria.  The 
storage  cellar  should  be  kept  as  near  to  the  freezing  point  as  possible. 

Chip  Cellar  Operations.  When  sufficiently  matured  in  storage,  the 
beer  is  run  or  pumped  into  chip  casks,  so  called  from  a  method  of  clarifj'ing 
beer  by  means  of  chips  (which  see). 

Treatment  in  the  chip  cellar  has  a  two-fold  object: 

L  To  impart  to  the  beer  the  necessary  life,  that  is,  a  sufficient  amount 
of  carbonic  acid  gas  so  that  it  will  foam  properly  when  tapped.  This 
is  done: 

a,  by  kraeusening  and  bunging,  or 

6.  by  charging  with  carbonic  acid  gas  directly  (carbonating),  or 

c.  by  both  kraeusening  and  carbonating. 

2.  To  make  the  beer  brilliant.     This  is  done: 
a.  by  the  addition  of  chips; 
6.  by  the  addition  of  isinglass; 
c,  by  filtration. 

Kraeusening,  This  consists  in  the  addition  of  kraeusen  beer,  that  is, 
j'oung  beer  in  the  first,  or  kraeusen  stage  of  fennentation,  twenty-four 
to  forty-four  hours  after  pitching,  the  amount  being  about  15  per  cent 
for  home  draught  beer;  10  per  cent  for  export  draught  or  bottle  beer, 
or  5  per  cent  when  beer  is  carbonated.  A  few  days  after  the  kraeusen  have 
been  added  the  finings  are  introduced  and  the  cask  is  bunged,  to  prevent 
the  escape  of  the  gas  generated  by  the  kraeusen,  its  accumulation  causing 
a  pressure  which  is  termed  bunging  pressure  and  which  is  allowed  to  rise 
to  about  5  lbs. 

Carbonating,  Carbonic  acid  fermentation  gas  may  be  introduced 
into  the  beer  at  any  stage  after  fermentation,  but  usually  this  is  done 


while  the  beer  is  being  transferred  from  the  chip  cask  to  the  racking  bench 
and  before  it  reaches  the  filter.  When  beers  are  rarbonated  they  are 
either  not  kraeusened  at  all  or  only  with  relatively  small  quantities  of 
kraeusen;  about  5  or  G  per  cent.  The  gas  is  introduced  either  on  the 
pressure  principle  by  spraying  the  beer  through  a  compressed  atmosphere 
of  gas  or  on  the  aspirator  or  injector  principle,  by  forcing  the  gas  into 
the  beer,  usually  in  a  conduit  while  in  motion. 

Clarification.  Matter  remaining  in  suspension  at  the  end  of  the 
storage  period  is  eliminated  by  mechanical  means.  First  among  them 
is  the  introduction  of  chips.  Beer  chips  or  clarifying  chips  are  pieces  of 
wood,  usually  of  beech  or  maple,  so  cut  as  to  present  a  maximum  of  surface 
mth  a  minimum  of  volume  and  weight.  The  chips  are  spread  in  the  Ijot- 
tom  of  the  chip  cask,  where  they  retain  particles  in  suspension,  reaching 
them  as  well  as  the  sedimentation  caused  by  the  employment  of  isinglass. 
Chips  must  be  carefully  prepared  by  boiling  in  water,  with  an  addition 
of  soda. 

Fining  Ih^  Beer.  Brewers'  finings  arc  prepare<l  from  so-called  isin- 
glass, obtained  either  from  fish  through  cleaning,  rolling  and  drying  the 
bladder,  or  from  hide  of  calf.  The  finings  may  be  prepared  on  the  cold 
or  warm  plan,  their  efficiency  depending  upon  the  amount  of  gelatinous 
substance  the  isinglass  fields  and  which  in  flocculent  form  distributes 
through  the  beer  enveloping  the  suspended  particles  and  carr>'ing  them 
to  the  bottom.  One  pound  of  isinglass  is  sufficient  for  one  hundred  to 
five  hundred  l>arrels  of  Ijeer. 

Filtration.  The  process  of  filtering  beer  consists  in  forcing  the  beer 
on  its  way  from  the  chip-cask  to  racking  apparatus,  generally  by  means 
of  air  pressure  applie<l  at  the  chip  cask,  or  through  a  pressure  regulator 
pump  interpolated  l>etween  chip  cask  and  filter,  through  one  or  more 
layers  of  compressed  fibrous  material,  called  filter  mass,  which  commonly 
consists  of  woo<l  pulp  or  paper  pulp.  Beer  should  always  pass  through 
the  filter  under  back  pressure,  as  it  will  otherwise  foam  to  such  an  extent 
as  to  preclude  the  proper  filling  of  the  trade  packages.  It  should  stand 
in  a  cold  place,  if  practicable,  in  the  chip  cellar. 

Back-pressure  Racking.  The  principle  of  back-pressure  racking  is 
to  create  in  the  delivery  package  a  back  pressure  sufficiently  high  to 
prevent  foaming  of  the  beer,  .so  as  to  permit  of  readily  filling  the  packa^ 
without  loss  of  time  and  without  the  foaming  and  loss  of  beer  accompany- 
ing the  practice  of  "  gut  racking  "  which  formerly  obtained. 

Special  Brewing  Systems.  The  practice  of  storing  the  beer  for  a  long 
period  in  cold  cellars  is  a  rule  with  some  exceptions.  Different  systems 
have  been  installed  to  obviate  this  necessity,  the  principle  being  to 
obtain  complete  or  final  attenuation  in  the  fermenting  vats.  Such 
systems  are: 

Pfamller  System.  Employing  glas.'^  enameled  steel  tanks  throughout 
and  vacuum  and  aeration  for  completing   fermentation;    finishing   the 


beer  by  kraeusening;  Schneibk  system,  with  high  fermentation  tem- 
peratures; chilling  and  carbonating  beer  from  fermenter  to  finishing  tank; 
i^elg  system,  giving  attention  mainly  to  yeast  culture,  the  constructive 
copper  or  steel  fermenting  vat  with  conical  bottom  permitting  removal 
of  sedimentation  at  any  time;  Nathan  system,  only  tried  experimentally 
in  Europe,  aiming  at  cooling  of  hopped  wort,  aeration,  fermentation, 
chilling,  carbonating  and  finishing — all  in  one  tank.' 

English  Top  Fennentation  Beers.  The  beers  brewed  in  the  United 
Kingdom  and  its  possessions  show  similar  characteristic  differences  in 
their  properties  as  the  German  beers.     They  are  called  al£,  pori^  and  stoiil. 

Mild  beers,  whether  ale,  porter  or  stout,  are  such  as  undergo  no 
secondary  fermentation,  but  are  marketed  alwut  seven  days  after  the 
principal  fermentation  is  fini.'ihed. 

Stock  beers,  or  old  beers,  whether  ale  or  stout,  are  such  as  have  under- 
gone a  secondary  fermentation  and  are  store<l  alx)ut  two  months  or  more 
before  marketing. 

The  mild  beers  are  distinguished  from  the  stock  beers  by  a  more 
sweetish  {mild)  taste,  containing  more  unfermented  malto-dextrin  and 
less  acid,  the  old  beers,  on  the  other  hand,  becoming  more  alcoholic  and 
tart.  There  is,  tnerefore,  much  difference  in  the  properties  of  iniki  beers 
and  old  or  stock  beers. 

Mild  ales,  are  usually  brewed  of  a  darker  color  than  old  ales,  with 
less  original  gravity  and  less  hops. 

Old  or  stock  ales  have  a  pale  to  amber  color,  quite  bitter  and  more  or 
less  tart  taste,  strong  hop  flavor,  and  though  brewed  with  a  high  percentage 
of  extract,  have  less  extract  left,  but  contain  more  alcohol  than  stout, 
which  is  mainly  due  to  the  practice  of  dry-hopping  ales,  which  results  in 
breaking  down  the  malto-dextrins  more  effectually  than  is  the  case  with 
stout,  which  is  not  dry  hopped. 

SimUs  are  quite  dark,  almost  black,  have  a  pronounced  malt-caramel 
taste  and  aroma,  a  sweetish  taste  if  mild,  and  a  more  or  less  tart  taste, 
according  to  age  and  circumstances.     They  are  brewed  stronger  than  ales. 

Porter  is  brewed  less  strong"  than  tlie  old  beers.  It  stands  in  a 
similar  relation  to  stout  as  does  a  mild  ale  to  a  stock  ale. 

Brewing  Materials  in  England.  The  materials  used  in  England, 
besides  malt,  hops  and  water,  are  nsually  sugars  of  different  kinds.  Such 
are  caramel  (produced  from  glucose)  for  black  beers,  invert  sugar  and 
glucose  for  mild  and  stock  ales,  while  of  late  years,  rice,  maiiie  and  wheat 
are  gaining  in  favor.  The  English  drinking  public  now  prefer  beers  of 
low  gravity  to  the  -stock  beers,  and  since  they  should  contain  only  a 
moderate  amount  of  alcohol,  but  sufficient  extract  to  be  full  to  the  palate, 
sugars  should  be  used  for  these  beers,  containing  the  requisite  amount  of 
unfermentable  extract. 

'  For  American  Pasteurized  Bolllc  Brer,  spe  Bottling  Plant,  succeeding  Brewing 
Equipment. 
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Mali.  Most  brewers  use  some  foreign  barley  malt,  together  with  that 
produced  from  domestic  grain,  on  account  of  the  better  clarification  of 
beer  and  better  drainage  of  wort,  while  some  brewers  use  California 
barley  malt  entirely,  the  l^eer  from  which  keeps  better  in  hot  weather. 
Usually  pale  malt  is  employed  in  the  production  of  all  the  beers,  together 
with  some  coloring  material,  preferably  caramel,  brown  malt,  amber  malt 
or  roasted  com  for  dark  ales,  porter  and  stout.  Sometimes  black  beers 
and  mild  ales  receive  an  addition  of  caramel  solution  in  the  fermenting 
vessel  just  prior  to  the  close  of  the  principal  fermentation.  For  dark 
beers  higher  kiln-dried  malts  are  preferred  by  many  brewers. 

Hops.  With  regard  to  hops,  the  English  brewer  favors  the  employ- 
ment of  foreign  qualities  of  hops  to  blend  with  the  domestic  article,  the 
proportion  frequently  rising  to  50  per  cent,  chiefly  American  hops  or 
"  Yankees."  The  English  hops  are  distinguished  for  their  delicacy  of 
flavor,  especially  the  East  Kent  goldings,  and  these  are  eagerly  sought  for 
flavoring  choice  pale  ales  in  dry  hopping.  The  relative  quantities  of 
hops  and  of  other  materials  to  be  used  in  brewing  the  different  beers, 
according  to  the  gravity  of  wort  and  other  requirements,  may  be  gatherni 
from  the  introductory  remarks  in  the  paragraph  on  "  Brewing  "  also  salient 
differences  in  regard  to  the  brewing  process  employed  for  the  different 
types  of  beers. 

Brewing  Operations  for  English  Beer.  The  method  of  mashing  i^ 
essentially  the  same  for  ales  and  stouts  whether  of  the  "  stock  "  or  "  mild  " 
type.  The  crushed  malt  is  passed  through  a  "  pony  masher,"  where  it 
strikes  and  is  mixed  with  the  mashing  water  of  about  165^  F.  for  ales, 
and  slightly  lower  for  stouts,  the  initial  or  mashing  temperature  being 
about  150°  F.  for  the  former  and  145**  F.  for  the  latter.  After  thorough 
mixing  in  the  mash-tun  the  temperature  Ls  brought  up,  by  underflow  of 
hot  water,  to  154°,  the  stirrer  is  stopped,  and  the  taps  are  opened  after 
about  two  hours.  The  grains  are  sparged  with  water  of  about  170  to 
160°.  The  wort  flowing  into  the  kettle  is  kept  heated  to  near  boiling- 
point  until  full,  when  hops  are  added  (1^  to  3  lbs.)  and  boiling  (sinameiingi 
continued  from  one  to  two  hours,  when  it  is  "  turned  out  **  into  hoph-box, 
strained,  pumped  on  surface  cooler,  then  run  over  pipe  cooler,  and  yeasted 
at  58  tc  60°  F. 

Top-fermentation  Appliances  and  Operations.  The  essential  differ- 
ence between  top  fermentation  and  bottom  fermentation  is  in  the  behavior 
of  the  yeast,  which  rises  to  the  top  during  top  fermentation,  where  it  is 
either  removed  by  suitable  implements,  by  a  process  called  "  skimming," 
or  it  is  allowed  to  work  out  of  an  aperture  at  the  top  of  the  fermenting 
vessel,  by  a  process  called  "  cleansing."  If  the  cleansing  takes. place  in 
casks,  the  yeast  working  out  through  "  swan  necks  "  into  a  common  trough, 
it  is  called  "  Burton  union  system  '';  if  through  openings  (lips)  in  the  top 
and  edge  of  upright  tanks,  the  tanks  themselves  being  so  pladed  as  to  fomi 
a  trough  for  the  yeast,  it  is  called  "  Ponto  system."     Then  there  is  a  com- 


bination  of  the  skimming  and  the  cleansing  systems  in  the  "  Stone  square 
system,"  the  yeast  working  out  through  the  top  of  a  closed  stone  square, 
from  where  it  is  removed  by  skimming. 

Secondary  Fermentation.  Most  English  beers  are  sent  out  directly 
after  racking,  dry  hopping  and  fining,  without  going  through  any  secondary 
fermentation.  Stock  lieers,  however,  undergo  a  secondary  or  slow  fer- 
mentation in  the  storage  or  trade  cask.  The  malto-dextrins  of  the  l>eer 
supply  the  substance  for  this  fermentation,  being  partly  degraded  by 
inversion  enaymes  contained  in  the  yeasts  and  by  the  diastase  introduced 
in  dry  hopping.  Thus,  beers  that  are  dry  hopped  ferment  down  lower 
in  the  cask  than  beers  unhopped  in  cask,  like  most  biack  beers.  The 
fermentation  of  the  sugars,  formed  by  the  breaking  down  of  the  dextrins, 
keeps  the  beer  chained  with  carbonic  acid  gas,  antl  this  condition  is 
essential  for  ohecking  the  development  of  foreign  ferments.  Therefore, 
a  sound  secondary  fermentation  is  of  the  greatest  importance. 

Dry  Hopping.  Ales  usually,  and  black  beers  sometimes,  receive  an 
addition  of  hops  in  the  storage  or  trade  cask,  the  quantity  varying  from 
i  lb.  for  mild  ales  to  1  lb.  per  barrel  for  pale,  bitter  and  stock  ales. 

Priming.  Often  a  solution  of  some  kind  of  sugar  is  added  to  the  beers, 
especially  the  black  beers,  in  the  cask,  which  process  is  called  priming. 
The  object  is  to  impart  sweetness  or  body,  or  to  aid  secondary  fermenta- 
tion and  give  "  life  "  or  what  in  England  i.s  termed  "  condition  "  or 
"  briskness." 

Vatting.  In  many  breweries  it  is  still  customary  to  Mend  a  young 
beer  with  an  old  one  that  shows  acidity  and  proper  flavor  in  a  marked 
degree,  in  order  to  give  the  product  the  character  of  age.  Rspccially  is 
this  done  with  Stouts.  The  old  beers  are  called  vats,  and  as  much  as  25 
per  cent  is  blended  at  times  with  the  young  beer. 

Bottling  Ales.  Ale  for  bottling  should  be  (according  to  Wright) 
allowed  to  go  through  all  its  cask  changes,  spontaneous  brilliancy  (unaided 
l)y  finings)  at  the  end  of  them  being  the  simplest  criterion  for  bottling. 

American  Ales.  In  the  United  States  a  somewhat  different  system 
of  brewing  lias  developed  in  the  production  of  top-fermentation  beers, 
from  those  employed  in  England.  While  the  American  stock  beers  are 
patterned  after  the  English  stock  ales  and  stout,  creavt,  lively,  or  present 
use  ale  takes  the  place  of  the  English  mild  ales,  and  more  recently  the 
American  ale  brewers  have  equipped  their  plants  with  refrigerating 
machines  to  brew  a  beer — brillinnl  or  sparkling  ale — that  combines  the 
properties  of  lager  beer  and  ale,  i.e.,  a  sparkling,  brilliant  beer  with  an  ale 
taste  and  aroma.  Since  these  ales  have  iwen  put  on  the  market,  top- 
fermented  beers  have  gained  some  of  the  ground  which  they  had  lost  in 
competition  with  lager  beers. 

In  the  main,  the  equipment  of  a  modern  American  ale  and  porter 
brewery  does  not  differ  essentially  from  that  of  a  lager  beer  brewery. 
The  chip-cask  cellar  of  the  lager  beer  brewery,  however,  can  be  dispensed 


with,  a  carbonating  room  taking  its  place,  while  the  stock  cellar  is  retwBed, 
since  some  of  the  ales  are  stored. 

Berliner  Weiss  Beer.  Of  the  many  varieties  of  top-fermentation 
German  beers,  it  is  only  wieiss  beer  that  has  been  able  to  compete  with 
the  lager  beers,  while  the  others,  being  gradually  displaced,  are  but  litlle 
known,  or  enjoy  only  a  local  reputation. 

Berliner  weisa  beer  should  have  a  very  pale  color;  be  moderately 
clear,  distinctly  tart,  rich  in  carbonic  acid,  so  that  it  foams  strongly  when 
poured,  and  should  hold  the  foam  moderately  well.  The  difference  in 
the  production  of  weiss  beer  and  the  other  beers  described  consists  in  the 
materials  employed,  which  is  generally  one-third  barley  malt  and  two- 
thirds  wheat  malt;  in  the  gravity  of  the  wort,  which  is  usually  below 
10  per  cent;  in  the  quantity  of  hops  used,  usually  less  than  ^  lb.  per  barrel; 
in  the  fermentation,  during  which  lactic  acid  bacteria  arc  allowed  to  develop, 
the  weiss  beer  yeast  containing  these  in  large  numbers,  and  in  the  treat- 
ment after  fermentation,  the  weiss  beer  not  being  stored  but  mixed  with 
fermenting  beer,  which  mixture  being  filled  into  bottles — where  fermen- 
tation continues — results  in  a  lai^e  quantity  of  carbonic  acid  gas  l>eing 
retained  in  the  bottles,  and  gives  to  the  finished  product  the  character- 
istic life.  The  large  amounts  of  lactic  acid  bacteria  do  not  permit  of  clar- 
ification of  the  product,  whereas  ales  and  stouts  are  usually  clear  and  lager 
beer  usually  brilliant. 

Lager  Beers  in  Germany  and  Austria.  Besides  the  recognized  tj'pes, 
like  the  Bohemian,  Vienna  and  Bavarian  beers,  of  each  of  which  there  are 
brewed  two  varieties,  the  Schenk  or  winter  beer,  and  the  lager  or  summer 
beer,  there  are  brewed  for  special  purposes  beers  of  each  tjpe  like  Boke- 
mian  export,  Vienna  export  or  Bavarian  export,  or  beers  brewed  for  special 
occasions,  like  bock. 

Bavarian  Beer  is  light  brown  {like  the  Munich)  to  dark  brown  (like 
the  Kulmbacher).  It  has  palatefulness,  a  sweetish  taste  and  malt  flavor, 
moderately  attenuated  through  fermentation  (65  to  70  per  cent)  original 
gravity  of  wort  12^  to  15;  for  Iwck  and  export  15  to  18. 

Bohemian  Beer  (like  the  Pilscner)  is  light  yellow  to  greenish  yellow, 
the  taste  is  vinous,  dry,  somewhat  sharp,  bitter  taste  of  hops  predomi- 
nates. More  strongly  attenuated  than  Bavarian,  70  to  75  per  cent.  Schenk 
beers  brewed  10^  to  llj;  lager  and  export  12J  to  13. 

M'iener  Beer  is  less  bitter  and  darker  in  color  than  Bohemian  and  ha.s 
less  malt  aroma  and  is  paler  than  Bavarian.  In  all  respects  it  takes  a 
medium  position  between  Vwth.  Schenk  beer  al>out  11;  export  or 
"  Maerzen  "  about  14^  to  15. 

Kulmbacher.  A  very  dark  beer  with  the  Bavarian  characteristics 
especially  accentuated,  brewed  along  the  lines  of  a  Bavarian  lager,  from 
a  very  strong,  original  gravity  of  wort  of  about  18  to  19  per  cent. 

Dorlmnnder.  Pale,  like  Bohemian,  of  about  14  to  15  per  cent;  from 
fow  dried  malt;   strongly  hopped,  highly  attenuated. 
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Export  and  Bock  differ  from  the  Schenk  and  lager  in  that  they  are 
brewed  stronger  and  contain  more  alcohol.  Thus  the  percentage  of  alcohol 
and  extract  found,  as  the  result  of  the  analyses  of  a  large  number  of  beers, 
was  on  the  average:  ^ 

Alcohol.  Extract. 

Schenk  or  winter  beer 3 .  36  5 .  34 

Lager  or  summer  beer 3 .  93  5 .  79 

Export  beer 4.40  6.38 

Bock,  Doppel,  or  Maerzen 4.69  7.21 

For  general  character  of  these  beers  refer  to  introductory  remarks  in 
the  paragraph  on  "  Brewing,*'  also  for  materials  employed  and  brewing 
processes. 

The  mashing  method  is  peculiar  inasmuch  as  three  parts  of  the  whole 
mash,  called  the  first,  second  and  third  mash,  are  successively  boiled 
each  for  ten  to  forty-five  minutes,  and  returned  to  the  mash  tun.  In 
Bohemia,  where  pale  beers  are  the  vogue,  boiling  is  often  restricted  to 
ten,  fifteen  or  twenty  minutes,  in  Vienna  generally  thirty  minutes,  in 
Bavaria  often  forty-five  minutes.  By  returning  the  boiled  portioni?  the 
mash  is  successively  heated  from  95°  F.,  the  initial  temperature,  to  about 
122*";  then  to  145*"  and  finally  to  about  160°. 

After  inversion  is  completed,  the  mash  is  nm  into  the  strainer.  The 
subsequent  operations  of  straining,  fermenting,  sparging,  boiling,  hopping, 
cooling,  fermenting,  storing,  are  carried  out  much  in  the  same  way  as  in 
the  United  States.  There  is,  however,  no  separate  chip-cask  treatment, 
with  its  processes  of  fining,  kraeusening  or  carbonating.  After  the 
beers  are  stored  for  some  time,  usually  for  six  weeks  or  two  months,  chips 
are  introduced  into  the  storage  cask  and  the  beer  is  bunged,  the  secondary 
fermentation  being  depended  upon  to  furnish  the  requisite  life. 

Malting  is  the  process  of  preparing  cereals,  usually  barley,  for  brewing 
purposes. 

Barley  is  the  favorite  cereal  employed,  chiefly  because  the  husk  acts 
as  an  excellent  filtering  material  in  the  mash  tun;  its  endosperm  is  readily 
modified  and  mellowed  during  growth,  unlike  corn;  and  it  develops  a 
sufficiency  of  enz^nnes  during  the  malting  process. 

OatSj  the  only  other  cereal  which  retains  its  husk  in  threshing,  contains 
large  quantities  of  objectionable  albumen,  that  preclude  its  employment. 

In  the  United  States,  the  systematic  study  of  American  barleys,  with 

a  view  to  their  improvement,  was  begun  in  1904  by  the    United    States 

Department  of  Agriculture,  and  was  fruitful  of  much  new  knowledge.^ 

The  history  of  barley  culture  in  the  Western  States  of  the  Union  may  be 

^  *'  American  Handy  Book  of  the  Brewing,  Malting,  and  Auxiliary  Trades,"  1908, 

p.  1250. 

^  U.  S.  Dept.  of  Agriculture,  Bulletin  No.  124,  Bureau  of  Chemistry,  on  "Study 
of  American  Barleys,"  by  Leclerc  and  Wahl. 
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dated  from  the  spttlement  of  German  pioneers  in  the  territon'  which  i- 
now  the  State  of  Ohio.  In  the  Eastern  States  only  local  or  Csnsdisi 
barley  was  used  up  to  about  1875,  when  the  Manchuria  barley,  intn> 
duced  into  Wisconsin  from  Germany  (about  1880),  and  thence  j-preaiiui- 
into  Minnesota,  Iowa,  South  and  North  Dakota,  became  the  domw. 


F[G.  319,— Harlcy  T.vp.'s:   to  the  Ipf),  six-rowct!  (Utah  WinUr);   in  the  mi-ldie.  T""- 
rowed  (Chevalier);  to  [he  riRlit,  aix-rowwi  Drooping  (Manchuria)  orconnDon. 

type  on  the  American  market.  The  Bay  Brewing  tj^pe  is  mostly  fi'"' 
vatcd  on  the  Pacific  (:;oa.st  in  California,  Oregon  and  WashingW:  '"^ 
White  Club  in  Utah,  Oregon  ami  Washington;  the  Chevalier  or  tw 
rowed  type,  in  Montana,  California  and  the  British  Northwest. 

The  barleycorn  consists  in  the  main  of  the  husk,  the  Jo™  *"    , 
endosperm.     The  husk  is  mainly  for  protection,  the  germ  contain* '  * 
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vital  principle  endowed  with  the  faculty  of  growth,  under  suitable  con- 
ditions, into  the  new  plant,  and  the  endosperm  contains  the  bulk  of  the 
nourishment  to  sustain  the  germ  until,  in  the  natural  order  of  things, 
the  green  leaves  are  sufficiently  developed  to  assimilate  carbonic  acid  from 
the  air. 

Through  germinating,  the  endosperm  of  the  bariey  is  modified,  thus 
becoming  more  porous  as  particles  of  starch,  albumen  and  phosphates  are 
made  soluble  by  the  action  of  diastase,  peptase  and  lactic  acid,  and  utilized 
by  the  germ,  as  food  in  the  form  of  amides,  sugar  and  acid  phosphates, 
while  caramel  is  formed  on  the  kiln  in  proportion  to  moisture  contained 
at  high  temperatures. 

During  growth  the  germ  of  the  barleycorn  develops  the  acrospire  or 
ylumula,  and  the  radicle.  The  former  is  that  part  from  which  develops 
the  green  blade  which  appears  above  the  ground  where  barley  is  planted 
and  eventually  produces  the  stalk.  The  radicle  sends  out  a  number  of 
shoots  that  develop  into  the  roots  of  the  plant  and  are  commonly  called 
rootlets. 

In  gennination,  the  rootlets  protrude  at  the  germ  end  of  the  grain, 
while  the  acrospire,  starting  from  the  same  end,  grows  up  toward  the 
other  end  of  the  grain,  keeping  imder  the  husk  along  the  back  or  solid 
side  of  the  grain. 

In  malting,  it  is  not  allowed  to  reach  the  point  of  breaking  out,  the 
growth  being  checked  suddenly  by  kiln-drying  before  the  acrospire  quite 
reaches  the  opposite  end,  experience  having  demonstrated  that  the  most 
desirable  condition  of  the  endosperm  coincides  with  that  degree  of  develop- 
ment of  the  acrospire.     For  properties  of  malt,  see  "  Brewing  Materials.'' 

Malting  Operations.  Broadly  these  embrace  every  manipulation 
from  the  moment  the  crude  grain  leaves  the  elevator  or  storehouse  up  to 
the  time  the  finished  malt  is  conveyed  to  the  storage  bin  or  to  the  hopper 
to  be  measured  into  the  crusher  mill  of  the  brewery.  In  a  more  con- 
fined sense,  as  treated  here,  the  term  is  applied  only  to  the  three  main 
operations  of  steeping,  germination  and  kiln-drying. 

Growth,  Germination  as  conducted  on  a  smooth  floor  constructed 
of  cement  for  this  purpose,  is  the  traditional  method,  the  process  being 
called  "  flooring,"  '*  growing,"  or  "  germinating."  The  modem  methods, 
however,  are  based  on  artificial  or  forced  aeration  (pneumatic  malting) 
either  on  a  perforated  floor  or  in  revolving  drums.  Another  important 
distinction  is,  that  by  the  old  method  the  work  is  almost  entirely  done 
by  hand,  whereas  the  improved  methods  may  with  much  propriety  be 
called  mechanical  malting,  most  of  the  work  being  done  by  machinery. 

Floor  Malting,  The  barley  from  the  bins  is  loaded  on  the  conveyor 
and  carried  automatically  to  the  cleaning  machine.  The  oflfal  goes  to 
feed  dealers. 

Steeping.  From  the  cleaning  machine  the  barley  drops  into  the 
separator  underneath.     The  different  grades,  two  or  three  in  number, 
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go  to  the  automatic  Bcales,  and  then  reach  the  steeping  tank,  which  ^shouiii 
be  half  filled  with  water.  At  first,  the  water  should  stand  1  to  ^2  i\. 
above  the  barley  when  the  tank  is  full.  The  skimmings  are  floated  «ff 
or  skimmetl  off  with  a  ladle.  They  go  to  a  separate  bin  or  trough,  and  ar- 
dried  and  sold  for  feed.  Change  the  water  twice  the  first  day  and  omf 
a  day  thereafter.  Steep  for  about  forty-eight  hours,  modifying  for 
dryness  of  air,  hanlness  and  temperature  of  water,  t>-pe  and  condiliuu 
of  barley,  etc. 

Germinating.     The  grain  being  fully  steeped,  the  water    is  draim-'l 
off  at  the  bottom  and  the  barley  dropped  on  the  malting  floor;  other- 


Fig.  320.— Floor  Mulling  with  P<mcr  Shovel  and  Biickol  KU-valor. 

Wise  it  is  loa<led  on  trucks  and  wlieeled  to  the  floor  where  the  grain  is  sproail 
antl  leveled  to  a  heap  or  "  couch  "  of  alxiut  8  to  10  ins.  Here  it  is  tura&l 
from  time  to  time  by  hand  shovels  and  its  height  gradually  incrcaseil  anJ 
again  reduced  according  to  conditions  from  about  14  ins.  to  4  or  5  in'- 
Tlie  temperatures  in  the  air  should  be  about  50  to  60°  F.,  in  the  growiw 
malt  couch  about  75',  turning  to  prevent  too  high  heats  and  to  supply 
aeration.  Growth  takes  about  five  days  for  barley  of  the  llanchuria 
type  and  eight  days  for  Bay  Brewing  and  two-rowed  tj-pes,  like  ifif 
Chevalier.  When  the  endosperm  has  become  mellow  and  the  acrospin* 
is  three-quarters  up,  the  "  green  malt  "  is  conveyed  to  the  kiln  wbich 
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usually  has  two  or  three  floors  heated  by  open  fire  assisted  by  closed  heaters; 
hard  coal  being  smokeless,  is  commonly  used  for  fuel. 

Kilning.  By  a  fan  installed  above  the  upper  floor  air  is  sucked  through 
the  malt  together  with  the  products  of  coal  combustion.  The  temperature 
is  kept  at  about  90°  F.  on  the  upper  floor,  and  when  hand  dry,  usually 
after  twenty-four  hours,  the  malt  is  dumped  on  the  lower  floor  where  it 
is  kept  for  about  twelve  hours  at  120-130°  F.,  where  it  is  kept  practically 
dry,  when  it  is  heated  to  the  final  temperature  of  150-155°  F.,  for  pale 
beers;  165-180°  for  darker  beer  and  up  to  220°  F.  lor  beers  of  Munich 
character. 
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WINE    MAKING 

N.   HJELTE  CLAUSSEN 
Chief  Biologiatj  Wahl-Herdus  Institute  of  Ferrticntologyy  Chicago,  TU. 

Origin  and  Development.  The  origin  of  wine  making  undoubtedly 
dates  back  to  prehistoric  times.  When  for  the  first  time  some  crushed 
grapes  happened  to  be  put  aside  in  a  vessel,  nature  itself  transformed 
them  into  the  first  wine,  and  this  result,  so  pleasing  to  the  palate,  most 
obviously  invited  repetition  as  well  as  attempts  at  further  improvement. 

From  these  crude  beginnings  the  art  of  wine  making  has  slowly 
developed,  through  the  experience  of  centuries,  to  a  high  degree  of  per- 
fection, nevertheless  still  remaining  a  merely  domestic  industry,  the 
imderlying  principles  of  which  were,  as  yet,  entirely  unknown.  The 
cellar-master  of  old,  seeing  his  wine  undergo  a  renewed  fermentation 
at  the  time  when  the  vineyards  blossomed,  attributed  this  to  a  mysterious 
sympathy  still  existing  between  the  vines  and  their  offspring.  His  lack 
of  knowledge  is  evident,  but  no  less  so  his  high  esteem  for  the  noble  wine 
which  he  believed  animated  by  some  subtle  form  of  intelligence  and  feeling. 

During  the  last  fifty  years  the  researches  of  scientists  such  as  Pasteur, 
Hansen  and  W^ortmann,  have  led  to  a  better  understanding  of  what  takes 
place  during  fermentation  and  ripening  of  wine.  The  old  empirical 
methods  have  been  tested  in  the  light  of  modem  biology  and  chemistr\', 
and  to-day,  perfected  and  firmly  established,  the  old  art  of  wine  making 
has  developed  into  a  rational  industry. 

But,  whereas  the  modern  development  of  most  other  industries  has 
involved  thorough  centralization  with  the  use  of  machines  instead  of  hand- 
power,  facilitating  the  handling  of  large  quantities  and  ensuring  uniformity 
of  product,  wine  making  in  these  respects  has  remained  largely  on  the  old 
domestic  basis.  Large  wine  making  establishments  recording  their  annual 
output  in  hundreds  of  thousands  or  even  in  millions  of  gallons  are  found 
only  where  grapes  are  very  abundant,  as  is  the  case  in  southern  France 
and  California,  but  the  average  wine  maker  of  to-day  still  remains  to  a 
large  extent  the  small  wine  grower  who  handles  only  his  own  harvest  of 
grapes.  He  even  finds  it  advantageous  to  grade  his  harvest  according 
to  quality,  especially  so,  if  he  happens  to  be  favored  by  soil  or  climatic 
conditions.     The  handling  of  large  quantities  on  a  truly  industrial  scale 
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is,  therefore,  still  left  to  the  wine  merchant  and  to  the  manufacturer  of 
sparkling  wine  who,  by  means  of  skillful  blending,  produce  the  standard 
types  that  meet  the  demands  of  the  market. 

The  Grapes.  The  quality  of  a  wine  depends  mainly  upon  the  quality 
of  the  grapes  from  which  it  is  made  and  the  latter  is  determined  by  a  number 
of  factors  such  as  variety  of  grapes,  treatment  of  the  vines,  soil  and  its 
cultivation,  climatic  conditions  and  the  degree  of  ripeness  which  the  grapes 
are  allowed  to  reach. 

It  is  only  where  a  suitable  variety  of  grape  is  grown  under  especially 
favorable  conditions  as  to  soil  and  climate  that  the  high  grade 
wines  can  be  produced.  Under  other  conditions  the  identical  grape 
variety  may  give  a  wine  of  a  distinctly  different  character.  The  Riesling 
grape,  when  grown  in  California,  is  different  from  the  Riesling  that  find& 
ideal  conditions  for  its  development  in  the  temperate  climate  of  the  sunny 
hills  along  the  Rhine,  and  the  name  Riesling  on  the  label  of  a  California 
wine  therefore  invites  a  comparison  that  cannot  but  result  in  adverse 
criticism.  The  wine  growera  of  each  territory,  when  selecting  and  develop- 
ing those  varieties  of  grapes  that  are  best  suited  to  local  conditions,  and 
modifying  their  methods  accordingly,  maj*^  gradually  develop  wine  tj'pes 
of  tlieir  own  to  be  judged  entirely  upon  their  own  merits. 

It  is  important  that  the  grapes  be  picked  at  the  proper  time  which 
usually  means  when  fully  ripe.  If  picked  at  an  earlier  stage  they  give 
a  must  containing  less  sugar  but  richer  in  acids.  For  this  reason  early 
picking  is  sometimes  resorted  to  in  southern  coimtries  where  the  hot  and 
dry  climate  tends  to  produce  little  acid  and  much  sugar.  Over-ripeness 
of  the  grapes  is  undesirable  as  it  will  cause  them  to  shrink  and  their  skin 
to  burst  laying  open  the  juice  to  the  dissolving  action  of  rain  and  dew  and 
oflfering  breeding  places  to  dangerous  "  disease  "  germs. 

The  weather  during  the  picking  is  not  without  importance.  Rain 
will,  to  some  extent,  dilute  the  must;  heat  will  accelerate,  while  cold 
will  retard  the  subsequent  fermentation. 

Stemming,  Crushing  and  Pressing.  After  being  gathered  and 
carted  to  the  winery  the  grapes  are  to  be  prepared  for  the  fermentation 
as  quickly  as  possible.  Any  delay  is  likely  to  detract  from  the  quality 
of  the  resulting  wine.  If  the  production  of  white  wine  is  intended,  the 
grapes  which  may  be  either  red  or  colorless,  arc  crushed  and  pressed,  only 
the  juice  (must)  being  fermented;  if  red  wine  is  to  be  produced  red  grapes 
are  stemmed  and  crushed,  the  whole  pulp  being  filled  into  fermenting 
vats  where  the  coloring  matter  is  extracted  during  fermentation.  In 
some  cases  the  stems  are  left  in  the  fermenting  pulp  but  as  a  rule  they  are 
removed  either  before  or  after  the  crushing. 

The  device  used  for  stemming  may  consist  in  its  simplest  form  of  a 
wire-screen  with  meshes  of  a  size  to  permit  the  berries  but  not  the  stems 
to  go  through  over  which  the  grapes  are  pushed  by  hand  with  a  rake. 
Another  device,  intended  for  machine  power,  consists  of  a  horizontal  per- 
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forated  cylinder  in  which  a  shaft  with  helically  arranged  arms  is  revolving 
thereby  carrying  the  stems  toward  one  end  and  causing  the  berries  to 
fall  through  the  perforations. 

The  machine  in  which  the  grapes  are  crushed  usually  consists  of  a 
hopper  feeding  the  grapes  to  a  pair  of  adjustable  grooved  rollers  revohing 
in  opposite  directions  and  with  unequal  speed.  The  purpose  is  to 
thoroughly  open  up  all  of  the  berries  without  crushing  the  seeds  from 
which  undesirable  substances  would  otherwise  be  extracted,  whence  the 
rollers  are  adjusted  accordingly.  Part  of  the  must  is  often  allowed  to 
drain  off  from  the  crushed  grapes  by  gravity  alone  and  may  be  fermentai 
separately  as  being  superior  to  the  rest  of  the  must  that  is  obtained  by 
pressing. 

The  wine  presses  are  mostly  ordinary  screw-presses,  sometimes  however 
hydraulic  presses  are  used.  The  crushed  grapes  are  spread  in  a  uniform 
layer  over  the  press-bed  and  subjected  to  a  gradually  increasing  pressure. 
Too  strong  pressure  should  not  be  applied  at  once  lest  the  yield  be  dimin- 
ished. As  already  stated  the  pressing  of  white  wines  takes  place  before, 
that  of  red  wines  after  fermentation. 

The  Must.  The  grape  juice  is  a  watery  solution,  the  main  constit- 
uents of  which  are: 

1.  Sugar;  4.  Flavoring  substances; 

2.  Organic  acids;        5.  Pectine  and  mucilaginous  substances; 

3.  Albuminoids;  6.  Mineral  substances. 

1.  The  sugar,  during  fermentation,  is  split  up  into  about  equal  partj^ 
of  alcohol  and  carbonic  acid,  and  only  very  little  sugar  (less  than  0.15 
per  cent)  should  be  left  in  ordinary-  dry  wines.  A  must  containing  10 
to  17  per  cent  sugar  will  produce  a  table  wine  with  an  alcoholic  strength 
of  8  to  8.5  per  cent  by  weight;  musts  containing  less  sugar  produce  the 
light  ordinary  wines,  those  containing  more  sugar  result  in  the  heavier 
high-grade  wines. 

2.  The  organic  acids,  tartaric  and  malic,  although  present  in  com- 
paratively small  quantities  are  very  essential  constituents  of  the  muj^t. 
The  tartaric  acid  mainly  occurs  in  combination  with  potassium  as  tartrate 
(bitartrate  of  potassium)  which  is  precipitated  to  a  large  extent  during 
the  fermentation.  A  part  of  the  acids  is  also  consumed  by  the  yea<t 
and  by  certain  bacteria  which  accounts  for  the  fact  that  a  wine  has  les*; 
acidity  than  the  corresponding  must.  The  total  acidity  of  must  or  wine  i? 
usually  given  as  the  apparent  percentage  of  free  tartaric  acid. 

To  make  a  wine  palatable  its  acidity  must  be  in  proper  ratio  to  its 
alcoholic  strength  and  palatefulness.  A  light  wine  without  prominent 
flavor  and  body  may  appear  fully  harmonious  as  to  taste  with  an  acidity 
of  only  0.4  per  cent,  but  a  heavier,  highly  flavored,  wine  would  taste  quite 
flat  when  possessed  of  this  same  acidity  and  may  require  as  much  as  1.0 
per  cent  acidity  to  appear  harmonious. 
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A  must  usually  looses  from  0.2  to  0.6  per  cent  in  acidity  during  its 
transformation  into  wine. 

3.  The  must  can  contain  up  to  about  1  per  cent  of  albuminoids  of 
which  only  approximately  one-half  remains  in  the  wine,  the  rest  being 
utilized,  partly  as  nourishment  by  the  yeast,  and  part!}'  precipitated 
during  the  fermentation. 

4.  The  flavoring  substances  of  the  must  upon  which  its  quality  largely 
depends  are  present  in  too  small  quantity  to  be  determinable  b}^  chemical 
analysis  and  we  possess  at  the  present  time  only  scant  knowledge  of  their 
chemical  nature. 

These  flavoring  substances  increase  during  fermentation,  the  fermented 
must  containing:  1.  Those  originally  present  in  the  must,  2.  Others  formed 
during  the  fermentation,  probably  mainly  by  decomposition  of  certain 
albuminoids  (amino-acids)  contained  in  the  must,  and  3.  The  specific 
flavoring  substances  produced  by  the  different  varieties  of  yeast  irre- 
spective of  composition  of  the  must.  4.  The  pectine  and  mucilaginous 
substances  causing  the  thick  consistency  of  the  must  are  practically  all  pre- 
cipitated during  the  fermentation  as  they  are  insoluble  in  dilute  alcohol. 
5.  In  a  normal  must  is  found  from  0.3  to  0.5  per  cent  of  mineral 
substances  (ash)  the  amount  of  which  considerably  decreases  during  the 
fermentation  owing  to  the  precipitation  of  potassium  in  the  form  of  tartar. 

The  wine  maker  tests  his  must  to  determine  approximately  the  sugar 
and  acidity  of  an  average  sample.  The  sugar  is  determined  by  means  of 
areometers  such  as  Oechsle's  must  scale,  indicating  how  many  grams  one 
liter  of  must  weighs  more  than  one  liter  of  water,  or  Balling's  saccharometer 
indicating  the  percentage  of  solids  in  solution.  Degrees  Oechsle  divided 
by  five,  or  per  cent  Balling  multiplied  by  c  gives  the  sugar  content  in  per 
cent  of  an  ordinary  must  with  sufficient  accuracy  for  practical  purposes. 
The  acidity  is  measured  by  titration  with  standardized  alkaline  solutions. 
Knowing  the  ratio  of  sugar  to  acidity  the  wine  maker  is  in  a  position  to 
carry  out  the  subsequent  operations  with  a  view  to  either  checking  or 
facilitating  the  decrease  in  acidity  according  to  the  requirements. 

A  direct  correction  as  to  composition  may  also  be  found  desirable. 
If  lacking  in  acidity  the  must  can  be  corrected  by  the  admixture  of  less 
ripe  grapes  or  by  the  addition  of  tartaric  acid.  The  addition  of  gypsum, 
which  is  sometimes  used,  especially  in  making  red  wines,  has  a  similar 
effect,  the  gypsum  reacting  upon  the  tartar  so  as  to  form  insoluble  calcium 
tartrate  and  bisulphate  of  potassium  which  latter  substance,  unlike  the 
tartar,  remains  dissolved  in  the  wine.  This  method,  the  so-called  plaster- 
ing, can  only  be  used  to  a  limited  extent,  since  the  laws  of  most  wine  pro- 
ducing countries  fix  a  maximum  limit  for  sulphates  contained  in  unadul- 
terated wine. 

If  the  must  is  too  rich  in  acids,  the  acidity  can  be  reduced  by  dilution 
with  water  and  the  proper  sugar  content  eventually  restored  by  addition 
of  pure  cane  or  grape  sugar.    This  process,  known  as  gallizing  is  used  to 
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some  extent  in  northern  countries  especially  for  white  wines  and  is  gen- 
erally considered  legitimate,  provided  it  is  carried  out  so  as  to  actually 
improve,  or  to  render  marketable,  the  product  and  not  with  a  view  to 
unduly  increase  its  quantity. 

The  Fennentation.  When  left  to  itself  the  must  will  soon  l)egiii 
fermenting.  It  grows  quite  turbid,  gas  bubbles  rise  to  the  surface,  the 
temperature  rises  and  the  viscosity  and  specific  gravity  decrease.  At 
the  same  time  the  sweet  ta^^te  gradually  changes  into  a  vinous  one  and  a 
distinct  flavor  develops.  Toward  the  end  of  the  fennentation  the  tur- 
bidity gradually  disappears  and  the  completed  fennentation  leaves  the 
young  wine  in  a  limped  state  on  top  of  a  heavy  sediment. 

These  changes  are  brought  about  by  certain  microscopical  plants  that 
are  always  present  on  the  skins  of  ripe  grapes.  Among  them  the  yea>ts 
which  cause  the  alcoholic  fermentation,  splitting  up  sugar  into  alcohol 
ancl  carbonic  acid,  are  desirable  and  indispensable,  while  others  such  as 
mycoderma  and  various  bacteria  are  undesirable  disease  germs. 

Between  the  microorganisms  a  struggle  for  life  goes  on  in  the  mu^t. 
each  one  striving  to  utilize  the  nourishment  on  hand  for  its  o^\ti  gro^vth 
and  pr.ducing  substances  that  are  injurious  to  its  competitors.  By  far 
the  most  important  task  of  the  wine  maker  is  to  assist  the  yeast  in  this 
struggle  by  offering  it  the  most  favorable  conditions  for  its  activity. 
His  aim  is  to  make  the  yeast  ferment  the  sugar  as  completely  as  possible 
which  not  only  means  little  nourishment  left  for  other  organisms  but  also 
a  high  percentage  of  alcohol  prohibiting  their  growth.  Incomplete 
fermentation  on  the  other  hand  results  in  a  weak  and  unstable  wine  sul>- 
ject  to  a  variety  of  undesirable  changes. 

The  Wine-yeasts.  The  alcoholic  fermentation  of  the  must  is  caused 
by  small,  usually  unicellular  budding  fungi,  mostly  belonging  to  the 
different  varieties  of  saccharomyces  ellipsoideus.  Their  principal  breed- 
ing places  in  nature  are  the  ripe  juicy  fruits  where  they  multiply  abundantly 
during  the  fall.  Some  of  them  penetrate  with  the  rain  to  a  certain  depth 
into  the  soil,  where  a  sufficient  number  keep  alive  over  winter  to  repopulate 
the  fruits  of  the  following  year,  to  which  they  are  carried  by  insects,  rain- 
splashes  or  the  wind.  Their  perpetuation  is  facilitated  by  their  power 
of  fonning  spores,  small  resistant  cells  appearing  under  certain  condition^ 
within  the  vegetative  cells. 

The  yeast  cells  contain  an  enzyme,  the  zymase,  which  in  contact  with 
dissolved  sugar  transforms  it  into  alcohol  and  carbonic  acid.  This  fer- 
mentation proceeds  most  satisfactorily  at  medium  temperatures,  the 
yeast  becoming  temporarily  inactive  at  a  few  degrees  above  the  freezing 
point  of  the  water  and  permanently  weakened  at  about  100°  F.  Even  the 
most  vigorous  yeast  can  only  produce  about  13  per  cent  of  alcohol  by 
weight  and  this  only  under  exceptionally  favorable  conditions. 

Besides  the  main  products  of  the  alcoholic  fermentation  smaller  quan- 
tities of  glycerol,  succinic  acid  and  fusel  oils  are  also  produced  by  the 
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yeast  during  fermentation.  Apart  from  the  glycerol,  that  may — as 
far  as  our  present  knowledge  goes — be  derived  from  the  sugar,  the  other 
by-products  have  recently  been  shown  to  originate  from  amino-acids 
(e.g.  succinic  acid  from  glutamic  acid  and  amyl-alcohol  from  leucine) 
the  nitrogen  being  utilized  by  the  yeast  in  the  form  of  ammonia  for  building 
up  the  albumen  of  its  own  body.  In  all  probability  flavoring  substances 
are  formed  by  a  similar  process  from  other  amino-acids,  the  primary 
products  being  various  alcohols  and  acids,  which  during  the  ripening  of 
the  wine  are  further  transformed  through  oxidation  and  esterification. 

Pure  Cultures  of  Yeast.  After  the  Danish  scientist  Emil  Christian 
Hansen  about  twenty-five  years  ago,  had  discovered  means  of  distinguishing 
between  the  different  varieties  of  saccharomyces  and  had  shown  the  great 
advantage  of  using  pure  cultures,  derived  from  one  single  cell,  in  the 
brewing  industry,  many  different  wine-yeasts  have  been  isolated  and 
studied.  They  were  found  to  differ,  more  or  less,  not  only  morphologically 
but  also  as  to  the  rapidity  and  completeness  with  which  they  ferment  sugar, 
a-  well  as  to  their  power  of  decreasing  the  acidity  and  as  to  the  strength 
and  fineness  of  the  flavor  they  produce.  This  naturally  led  to  the  use 
of  selected  pure  cultures  of  yeast  for  the  fermentation  of  wine.  Such  cul- 
tures are  kept  in  stock  and  furnished  by  especially  equipped  Jaboratories. 
In  the  wineries  they  are  first  propagated  in  a  suitable  quantity  of  boiled 
and  cooled  must,  which  is  allowed  to  come  into  vigorous  fermentation 
before  being  added  to  the  bulk  of  the  ordinary  must.  The  addition  of 
only  i  per  cent  suffices  to  secure  the  predominance  of  the  selected  yeast. 

The  use  of  selected  pure  yeast  results  in  better  control  of  the  opera- 
tions, a  cleaner  taste  and  flavor  and  an  earlier  ripening  of  the  wine.  A 
specific  flavor  is  also  to  some  extent  obtained,  according  to  the  yeast 
variety  employed,  but  many  exaggerated  claims  have  been  made  in  this 
respect  by  too  ardent  advocates  of  the  pure  cultures.  If  wines  are  to  be 
re-fermented  pure  cultures  are  particularly  useful,  and  special  advantages 
are  also  derived  from  their  u:>c  in  the  manufacturing  of  sparkling  wines. 

Undesirable  Microorganisms  of  the  Must.  Among  the  microorganisms 
occurring  on  the  ripe  grapes  together  with  the  genuine  wine-yeasts  the 
most  important  are:  saccharomyces  apiculatus,  mycoderma  vini,  and  acetic 
acid  bacteria. 

The  small  lemon-shaped  cells  of  saccharomyces  apiculatus  are  often 
present  in  sufficiently  large  numbers  to  start  the  alcoholic  fermentation 
of  the  must,  but  they  are  soon  superseded  by  the  more  vigorous  saccharo- 
myces ellipsoideus.  They  produce  a  less  desirable  flavor  and  one  of  the 
purposes  in  using  pure  cultures  of  yeast  is  to  restrict  their  activity. 

Mycoderma  vini  forms  a  film  on  the  surface  of  the  wine  and  consumes 
alcohol,  transforming  it  into  carbonic  acid  and  water  by  oxidation.  Though 
it  may  not  be  directly  harmful,  it  thereby  renders  the  wine  less  resistant 
against  the  attacks  of  other  disease  germs. 

The  acetic  acid  bacteria,  minute  rods  that  are  often  united  in  long 
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chainS)  produce  acetic  acid  from  alcohol  and  are,  therefore,  very  dangerous 
disease  gemis.  As  little  as  0.1  to  0.15  per  cent  of  acetic  acid  makes  a 
wine  decidedly  "  pricked  "  and  with  a  content  of  0.25  per  cent  most  dry 
wines  may  be  considered  undrinkable.  Exclusion  of  the  atmospheric 
air  protects  against  the  growth  of  these  bacteria. 

Other  diseases  (turbidity,  unclean,  bitter  or  sour  taste,  ropiness  etc.) 
are  occasionally  caused  by  other  bacteria,  especially  in  the  lighter  grades 
of  wine  or  in  wines  that  have  not  been  completely  fermented. 

White  Wines.  The  white  wines  are  produced  by  fermentation  of 
grape  juice  that  has  been  separated  from  the  skins,  seeds  and  stems. 
A  fermentation  of  this  kind  offers  comparatively  Uttle  difficulty,  but 
the  resulting  wine  is  decidedly  more  delicate  than  those  fermented  on 
the  skins,  whence  its  subsequent  treatment  and  proper  ripening  require 
greater  care. 

The  fermentation  is  usually  carried  on  in  casks  that  are  filled  to  J-ur 
of  their  capacity  with  grape  juice  and  the  bung  hole  is  closed  so  as  t^o  allow 
the  carbonic  acid  to  escape  but  no  air  to  enter.  The  duration  of  the 
fermentation  is  from  one  to  Iwo  weeks  depending  on  the  temperature, 
which  usually  is  60-70°  F.,  and  on  the  quantity  of  yeast  originally  present. 
At  the  end  of  the  fermentation  the  veast  sediment  is  sometimes  stirred 
up  again  in  order  to  facilitate  the  complete  splitting  up  of  the  sugar  and 
the  reduction  of  acidity. 

After  the  fermentation  is  over  the  wine  is  drawn  from  the  lees  into 
another  cask  in  which  some  sulphur  has  been  burned  to  check  the  further 
activity  of  micro-organisms.  This  cask  is  completely  filled,  tightly  bunged 
and  as  a  rule  kept  at  a  temperature  of  50-55°  F.  Before  the  rising  tem- 
perature of  the  following  spring  causes  a  slight  revival  of  the  fermenta- 
tion, the  wine  is  racked  off  from  the  sediment  once  more,  and  this  process 
repeated  several  times  during  the  subsequent  ripening  period.  At 
each  racking  an  oxidation  takes  place  resulting  in  precipitation  of  certain 
albuminoids  and  further  development  of  the  flavor,  until  finally  the  wine 
has  become  sufficiently  stable  to  be  filled  into  bottles. 

In  the  ordinary  grades  of  wine  this  ripening  is  generally  more  or  less 
forced  by  means  of  a  more  thorough  aeration  during  the  racking,  artificial 
clarification,  (filtration  or  use  of  finings),  and,  eventually  pasteurization. 

The  simplest  fonn  of  wine  filter  is  a  cylindric  or  conical  linen  bag  into 
which  the  wine  is  poured  back  until  it  runs  clear.  The  more  modem 
filters  are  closed  so  as  to  protect  the  wine  from  the  air.  Their  filtering 
material  is  either  pure  cellulose  or  paper-pulp,  packed  into  one  or  mon^ 
filtcTing  chambers  or  especially  prepared  asbestos-wool  stirred  up  with  a 
smaller  part  of  the  wine  and  pumped  into  the  filter  where  it  deposits  as 
a  uniform  layer  on  walls  formed  of  fine  wire  screens. 

Finings  are  added  to  the  wine  in  order  to  produce  a  very  finely  dis- 
tributed sediment  of  higher  specific  gravity  which  will  gradually  settle 
to  the  bottom  carrying  with  it  all  su«<pended  solid  particles.     For  fining 


I 


WINE  MAKING  721 

white  wines  isinglass  is  commonly  used.  It  is  soaked  in  water  and  at 
last  in  wine  until  nearly  transparent  and  then  vigorously  beaten  with  some 
more  wine  eventually  under  addition  of  tartaric  acid,  filtered  through 
linen  and  thoroughly  distributed  into  the  wine  in  the  cask.  One  ounce 
of  isinglass  can  generally  fine  200-500  gallons  of  wine  within  8-10  days. 

Red  Wines.  The  red  wines  derive  their  characteristics  from  being 
fermented  in  contact  with  the  skins  of  red  grapes,  from  which  they  extract 
not  only  coloring  matter  but  also  a  variety  of  other  substances,  especially 
tannins.  Normal  red  wines  contain  from  0.1  to  0.3  per  cent  of  tannin 
while  the  percentage  of  this  substance  in  white  wine  does  not  as  a  rule 
exceed  0.02  to  0.04  per  cent.  Owing  to  this  high  content  of  tannin  the 
ripening  of  red  wines  is  a  comparatively  easy  matter  once  the  fermentation 
has  been  property  carried  through,  but  the  presence  of  the  skins  at  the 
fermentation  on  the  other  hand  gives  rise  to  several  difficulties  during 
this  process. 

The  carbonic  acid  carries  the  skins  to  the  surface  where  they  form 
the  so-called  cap,  which  must  he  pushed  down  repeatedly  in  order  to 
insure  proper  extraction  and  uniformity  of  fermentation.  Closed  casks 
are  therefore  less  suitable  and  in  the  open  tubs,  which  are  generally  used, 
there  is  great  danger,  however,  of  acetification  owing  to  the  free  exposure  of 
the  cap  to  the  air.  To  overcome  these  difficulties  the  fermenting  tubs  are 
often  provided  with  removable  grates  that  are  held  in  horizontal  position 
about  5  ins.  below  the  surface  of  the  liquid  thus  prohibiting  the  skins  from 
rising  to  the  surface.  To  insure  proper  uniformity  the  wine  is  drawn  oflF 
at  intervals  from  the  bottom  of  the  tubs  and  pumped  back  to  the  surface. 

The  temperature  during  fermentation  of  red  wine  is  usually  65  to 
85°  F.  As  red  wines  are  mainly  produced  in  southern  countries  it  is 
often  difficult  to  prevent  the  temperature  from  rising  too  high,  a  con- 
siderable amount  of  heat  being  generated  by  the  decomposition  of  the 
sugar.  Too  high  temperature  not  .only  facilitates  the  growth  of  various 
bacteria  but  also  prevents  the  yeast  from  completing  the  fermentation,  the 
result  being  a  wine  of  poor  quality  and  easily  subject  to  further  deteri- 
oration. Artificial  cooling  is  therefore  often  resorted  to,  water  being 
circulated  through  cooling  coils  in  the  tubs  or  the  wine  being  pumped 
through  enclosed  coolers. 

After  being  fermented  the  red  wine  is  drawn  off  into  casks,  which,  how- 
ever, are  only  sulphured  in  exceptional  cases,  because  most  red  wines  do  notr 
need  this  protection  and  would  be  more  or  less  bleached  by  the  sulphur- 
ous acid.  Red  wines  are  ripened  in  practically  the  same  way  as  white 
wines  but  less  time  and  fewer  rackings  are  required  to  render  them  suffi- 
ciently stable  for  bottling. 

The  red  wines  are  mostly  fined  with  gelatine  or  white  of  egg.  The 
gelatine  is  soaked  in  water  over  night,  dissolved  in  wine  by  gentle 
heating,  cooled,  stirred  up  with  some  more  wine  and  added  to  the  cask. 
One  ounce  of  gelatine  is  required  for  50-120  gallons  of  wine.     Whites  of 
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eggs  are  often  used  to  fine  the  better  grades  of  red  wine,  one  white  for  every 
8-12  gallons.  They  are  first  beaten  to  a  foam,  pressed  through  a  heavy 
linen,  and  then  stirred  up  with  some  of  the  wine  before  being  added  to  its 
bulk. 

Sweet  and  Dessert  Wines.  The  white  and  red  wines  referred  to  above 
are  all  dry,  i.e.,  practically  all  of  their  sugar  having  been  fermented.  The 
sweet  wines  and  the  dessert  wines  on  the  other  hand  contain  unfermented 
sugar  besides  a  high  or  even  very  high  percentage  of  alcohol.  The  typical 
sweet  wines  such  as  '*  Auslese  "  rhinewine,  sauteme,  or  tokay  contain  much 
sugar  but  their  alcohol  is  produced  by  fermentation  and  consequently 
does  not  exceed  13  per  cent  by  weight.  The  dessert  wines  such  as  port, 
sherry,  madeira  and  malaga  are  less  sweet  but  generally  contain  from 
15  to  20  per  cent  by  weight  of  alcohol  part  of  which  has  been  artifically 
added. 

The  "  Auslese  "  wines  and  sautemes  are  produced  from  grapes  attacked 
by  a  certain  mold,  botrytis  cinerea,  which  finds  favorable  conditions  for 
its  growth  in  a  foggy,  cool  climate  without  too  much  rain.  It  causes  the 
grapes  to  shrink  and  to  partly  dry  up;  the  must  being  accordingly  more 
concentrated  and  possessed  of  a  peculiarly  fine  flavor.  The  fermentation 
is  carried  out  with  a  view  to  produce  enough  alcohol  to  prevent  further 
changes,  but  since  sugar  is  left  unfermented  these  wines  are  prone  to 
after  fermentation  and  as  a  rule  need  heavy  sulphuring  to  become  stable. 

In  certain  territories  the  dry  and  warm  climate  allows  the  grapes  to 
dry  up  similar  to  raisins  before  they  are  picked.  These  yield  a  very  con- 
centrated must.  The  tokay  wines  of  Hungary  are  made  from  such  grapes, 
extracted  with  normally  fermented  dry  wines  and  pressed.  Imitated 
tokay  is  made  in  a  similar  way  from  ordinary  dried  raisins  or  from  must 
concentrated  by  boiling  in  vacuo. 

The  various  dessert  wines  contain  more  alcohol  than  can  be  produced 
by  fermentation.  An  addition  of  alcohol  is  therefore  necessary,  and  i-^ 
often  combined  with  an  addition  of  condensed  must  or  sugar.  The  alcohol 
may  be  added  either  at  the  end  of  the  fermentation  or  at  an  earlier  stage, 
in  the  latter  case  preventing  part  of  the  sugar  contained  in  the  must  from 
being  fermented.  The  addition  is  often  made  step  by  step,  part  of  the  total 
amount  required  being  added  at  each  racking  and  thoroughly  mixed  with 
the  wine.  During  the  ripening  period  the  des-sert  wines  are  kept  at  a  com- 
paratively high  temperature  and  freely  aerated.  This  results  in  the  devel- 
opment of  the  peculiar  flavor  known  as  madeira  flavor. 

Sparkling  Wines.  The  sparkling  wines  are  produced  from  either  red 
or  colorless  grapes,  the  juice  alone  being  fermented  as  usual  for  dry  white 
wines.  After  being  drawn  off  from  the  lees  the  wine  is  racked  once  more, 
a  too  high  content  of  albuminoids  being  eventually  decreased  by  an 
addition  of  tannin.  The  wine  is  blended  in  large  vats  or  casks  with  a 
view  to  produce  a  uniform  product  from  one  year  to  another,  and  enough 
sugar    solution    is  added  so   that  a  pressure    of  about    5    atmospheres 


WINE  MAKING  723 

can  develop  during  the  subsequent  fermentation  in  bottles.  Further- 
more a  culture  of  selected  pure  yeast  is  often  added  and  the  wine  is  then 
bottled  and  corked,  preferably  in  the  spring  because  the  rising  tempera- 
ture facilitates  fermentation.  When  bottled  the  wine  has  a  temperature 
of  65-72°  F.,  but  the  bottles  are  kept  at  about  50"^  F.,  when  the  fermen- 
tation has  started.  This  temperature  must  be  kept  as  constant  as  possible 
to  avoid  breakage.  The  duration  of  the  bottle  fermentation  varies  from 
one-half  to  two  years.  When  the  proper  pressure  is  reached  the  bottles 
are  placed  in  a  slanting  position  on  special  stands,  their  necks  being  a 
little  lower  than  their  bottoms.  A  short  shaking  and  turning  movement 
is  imparted  to  them  once  a  day  during  about  six  weeks  while  they  are 
gradually  raised  to  a  vertical  position  neck  down.  In  this  way  the  yeast 
sediment  is  carried  down  on  the  cork  leaving  the  wine  entirely  clear. 
This  process  can  be  greatly  facilitated  by  the  use  of  a  proper  variety  of 
yeast;  i.e.,  one  combining  a  strong  fermenting  power  with  a  tendency 
to  grow  in  larger  clusters. 

The  bottles  are  now  taken  to  the  uncorking  room  and  eventually  cooled 
to  bind  the  carbonic  acid  more  firmly.  The  uncorking  requires  a  good  deal 
of  skill.  The  operator  holds  the  bottle  in  a  slanting  position  and  gradually 
loosens  the  cork  until  it  is  thrown  out  by  the  pressure  together  with  the 
whole  sediment.  At  the  same  instant  the  bottle  must  be  turned  upright 
and  preliminarily  closed.  Some  sugar  solution  is  added  before  the  bottles 
are  finally  corked,  the  quantity  varying  greatly  according  to  the  require- 
ments of  the  trade.  The  sugar  solution  is  thoroughly  distributed  by  shak- 
ing and  the  bottles  preferably  kept  in  stock  for  some  time  before  being 
consumed  in  order  that  the  taste  be  more  harmonious  and  the  carbonic 
acid  more  permanently  bound. 

Imitation  champagne  is  made  by  saturating  white  wine  with  carbonic 
acid  under  pressure  in  a  suitable  apparatus,  but  such  sparkling  wines  are 
generally  lacking  in  life  and,  when  poured  into  the  glass,  do  not  show  the 
same  permanent  sparkling  as  those  made  by  the  slow  process  of  bottle 
fermentation. 
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DISTILLED  LIQUORS 

ALLEN  ROGERS 

This  industry  differs  from  the  two  already  described  in  that  the  effort 
is  made  to  carry  the  fermentation  to  the  limit,  so  as  to  obtain  the  max- 
imum  quantity  of  alcohol,  the  product  being  then  distilled  in  order  to 
secure  a  distillate  richer  in  alcohol  than  the  fermentation  product.  The 
end  desired  may  either  be  an  alcoholic  beverage  or  a  raw  spirit.  By 
further  distillation  '^  rectified  spirits  "  may  be  obtained,  which  may  Ue 
used  in  the  production  of  alcoholic  beverages,  or  as  a  solvent  in  many 
manufacturing  operations. 

AlcohoL     In  this  countr}-  grain  is  usually  employed  for  the  manu- 
facture of  alcohol,  while  in  some  of  the  European  coimtries  potatoes  are 
more  largely  used.     The  first  stage  in  the  process  consists  in  the  sacchari- 
fying of  the  starch  of  the  grain.     It  is  customar}'  to  mix  a  small  amount 
of  malted  grain  with  raw  grain,  as  by  so  doing  a  small  quantity  of  diasta^^ 
can  be  made  to  convert  a  large  amount  of  starch  into  maltose  or  ferment- 
al)le  sugar.     The  ground  mixture  of  raw  and  malted  grain  is  placed  in  a 
mashtub  and  agitated  with  water  at  a  temperature  of  146°   F.      As  the 
object  of  the  distillation  is  to  convert  as  much  of  the  starch  as  possilile 
into  maltose,  the  temperature  must  not  be  allowed  to  rise  above  this 
point,  otherwise  the  amount  of  maltose  will  decrease  and  the  dextrine. 
which  is  not  fermentable,  will  increase.     As  the  wort  reaches  its  full 
densitv  it  is  drawn  off  and  fresh  water  at  190°  F.  introduced.     The  Seconal 
wort  so  obtained  is  added  to  the  first.     A  third  wort  is  sometimes  made 
which  is  then  used  on  fresh  grain.     The  extract  is  now  rapidly  cooled  t«» 
the  temperature  of  fermentation,  so  that  acetous  fermentation  will  n(»i 
set  in.     The  temperature  of  fermentation  is  from  92  to  94°  F.,  except  when 
the  entire  mash  is  used,  both  solid  and  liquid  portion,  when  the  fermenta- 
tion takes  place  at  a  much  lower  temperature.     The  time  of  fermentation 
varies  from  three  to  nine  days.     The  '*  coefficient  of  purity"  of  a  fermenta- 
tion is  a  term  employed  to  show  the  percentage  of  available  starchy 
matter  which  has   undergone  alcoholic   fermentation.     Although  grain 
and  potatoes  are  used  ver>'  largely  for  alcohol  and  spirit  manufactun\ 
other  materials,  especially  beet  and  cane-sugar  molasses,  are  quite  widely 
employed. 
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Distillation.  On  reaching  the  limit  of  fermentation  the  product  is 
distilled.  This  may  be  carried  out  in  a  crude  manner  by  the  old  form 
of  still  with  worm  condenser.  Modem  fractionating  apparatus,  however, 
has  superseded  this  method  in  the  majority  of  places.  The  various 
forms  of  stills  described  in  Chapter  I,  are  all  more  or  less  in  common  use. 
The  products  from  the  preliminary  distillation,  however,  are  not  sufficiently 
strong  and  must  be  strengthened  by  rectifying. 

Rectifying.  By  redistilling  the  weak  product,  "  doubling,"  obtained 
from  the  first  distillate  a  crude  milky  spirit,  rich  in  oil,  first  comes  over, 
followed  by  a  clear  spirit,  the  latter  being  caught  in  a  separate  vessel. 
The  last  portion,  being  weak  in  strength,  called  '*  faints,"  is  returned  to 
the  weak  spirit  and  again  subjected  to  distillation.  Rectifying  is  usually 
conducted  in  column  stills,  by  which  a  ver}'  pure  alcohol  may  be  obtained 
in  one  or  two  distillations. 

Raw  spirits  even  up  to  90  per  cent  purity  contain  quite  an  amount  of 
fusel  oil  (propyl,  isobutyl,  and  amyl  alcohols),  which  must  be  considered  in 
the  manufacture  of  alcoholic  beverages.  Some  acetaldehj'de  also  remains, 
which  gives  to  the  raw  spirit  a  bitter  taste.  A'arious  methods  have  been 
proposed  to  remove  the  foreign  bodies,  but  the  most  recent  is  to  treat 
the  diluted  spirit  with  petroleum  oil,  which  has  the  power  to  absorb 
the  fusel  oil,  thus  withdrawing  it  from  the  dilute  alcohol. 

Rectified  Spirit.  This  is  a  name  giver  to  the  most  concentrated 
alcohol  which  it  is  possible  to  produce  by  distillation. 

Proof  Spirits.  This  is  a  term  used  to  quite  an  extent  in  England 
for  excise  pui-poses.  Its  strength,  as  defined  by  Parliament,  is  such  that 
thirteen  volumes  shall  weigh  the  same  as  twelve  volumes  of  water  at  51° 
F.  Proof  spirit  so  made  will  have  a  specific  gravity  of  0.919S  at  60°  F. 
(15.5°  C.)  and  contain  49.24  per  cent  of  alcohol  by  weight.  Spirits  weaker 
than  proof  are  described  as  U.P.  (under  proof),  and  stronger  than  proof 
as  O.P.  (over  proof) ;  thus  50  U.P.  means  50  parts  of  proof  spirits  and  50 
parts  of  water,  while  50  O.P.  means  that  for  each  100  parts  of  spirit  50 
parts  of  water  must  be  added  to  reduce  it  to  proof. 

Arrack.  This  is  a  liquor  distilled  from  the  fermented  juice  of  the 
cocoanut  palm,  toddy ^  or  from  malted  rice.  The  arrack  from  Goa  and 
Columbo  is  supposed  to  be  the  best  and  is  made  entirely  from  toddy.  The 
juice  of  the  cocoanut  palm  is  obtained  by  making  an  incision  in  the  tree 
and  collecting  in  cups  hung  under  the  cut.  It  is  then  fermented  and  sub- 
sequently distilled. 

Brandy.  Pure  cognac  is  obtained  from  the  distillation  of  French 
white  wine.  Its  flavor  and  aroma  are  due  to  the  presence  of  ethyl  pelarg- 
onate.  The  inferior  varieties  come  from  the  distillation  of  the  red  Spanish 
and  Portuguese  wines  or  from  the  marc  and  refuse  from  the  wine  press. 
Much  brandy  is  also  made  artificially  from  spirits  and  water  to  which  color- 
ing and  flavoring  materials  have  been  added.  When  first  distilled, 
]) randy  is  colorless,  and  will  remain  so  if  kept  in  glass  bottles,  being  known 


as  white  brandy.  It  is  customar;-,  however,  to  store  it  in  oak  casks,  from 
which  it  takes  up  a  yellow  tint,  lieing  known  as  pale  brandy.  A  deeper 
color  is  often  given  to  brandy  by  the  addition  of  caramel. 

Kirschwasser.  This  ia  a  spiritous  liquor  obtained  in  the  Black  Forests 
and  Switzerland  bj-  the  distillation  of  fermented  cherries.  The  sound 
fruit  only  is  taken  and  the  juice  expressed.  The  stones  are  then  crushed 
separately  and  added  to  the  juice,  the  whole  being  fermented  and  sul>- 
aequently  distilled.  It  is  a  colorless  liquor  with  an  agreeable  odor  and 
flavor  which  improves  on  standing. 

Rum.  This  liquor  is  obtained  from  the  fermentation  of  cane-sugar 
molasses.  It  is  made  in  the  ^^'est  Indies,  Jamaica,  Martinique,  Guade- 
loupe, and  formerly  to  quite  an  extent  in  New  England.  When  new, 
it  is  colorless  and  has  an  unpleasant  odor  which  is  eliminated  liy  treatment 
with  lime  and  charcoal.  The  characteristic  flavor  of  rum  is  due  to  the 
presence  of  butyric  ether,  which  compound  is  also  prepared  artificially 
and  is  known  as  mm  essence.     Rum  is  always  colored  with  caramel. 

Whiskey.  This  spirit  is  obtained  from  either  the  raw  or  malted  wort 
of  com,  rj'eand  barley.  In  the  preparation  of  Kentucky  whiskey  partially 
malted  rye  and  com  are  used,  while  in  some  other  localities  only  r>-e  is 
employed.  In  Scotland  and  Ireland  malted  barley  is  the  chief  grain 
taken,  the  difference  between  the  two  whiskeys  being  that  the  former  is 
distilled  in  CofTey  stills  and  is  thus  deprived  of  its  essential  oils,  while  the 
latter  is  distilled  in  crude  pot-stills  which  permits  the  oils  to  pass  over 
with  the  distillate. 

Gin.  This  is  a  common  grain  spirit  distilled  in  the  presence  of  juniper 
berries,  which  gives  to  the  distillate  the  peculiar  flavor  of  the  berrj".  The 
finest  gin  is  made  in  Schiedam,  Holland, whence  the  name  "Schiedam 
Schnapps." 

Cordials.  This  name  is  given  to  the  spirituous  liquors  obtained  by 
steeping  fruits  or  aromatic  herbs  in  brandy  or  other  spirits  and  subjectinf! 
the  resulting  liquid  to  distillation.  They  are  then  colored  and  usually 
sweetened. 

Absinthe.  The  best  known  of  the  cordials  is  absinthe,  which  is  obtained 
by  distilling  brandy  in  the  presence  of  wormwood.  The  product  therefore 
contains  the  oil  of  wormwood,  which  causes  a  deletereous  effect  upon  the 
nervous  system,  it  is  claimed.  The  amount  of  oil  in  absinthe  is  so  great 
that  the  liquid  Incomes  turbid  when  diluted  with  water. 

Among  the  other  cordials  should  be  mentioned:  AnUeUe,  Chartreusf. 
Curacoa,  Maraschino,  Ratifia,  Usequebaugk,  Benedictine,  Kummel,  and 
Creme  de  vienthe. 
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TEXTILES 

J.   MERRITT  MATTHEWS 
ConsvUing  Chemist  to  the  Textile  IndiLStrieSjNew  York  City 

Definitions.  By  the  term  "  textiles  "  is  to  be  understood  a  class  of 
manufactured  articles  prepared  from  **  yams "  which  are  continuous 
threads  composed  of  fibrous  materials.  These  fibrous  materials  wHich 
form  the  basis  of  textile  manufactures  are  of  various  kinds,  including 
animal,  vegetable,  and  mineral  products;  for  example,  wool,  cotton, 
and  asbestos.  A  fiber  is  really  a  filament  the  length  of  which  is  com- 
paratively much  greater  than  the  diameter,  and  the  latter  is  of  almost 
microscopic  proi)ortions.  This  allows  of  several  fibers  being  twisted 
together  by  a  process  known  as  spinning,  so  that  a  continuous  and  uniform 
thread  is  produced.  Physically,  a  textile  fiber  must  possess  considerable 
tensile  strength  and  pliability  in  order  to  yield  a  satisfactory  thread. 
In  the  case  of  the  shorter  fibers,  such  as  cotton  and  wool,  the  surface  struc- 
ture also  allows  of  considerable  cohesion  between  the  separate  fibers 
when  twisted  together.  Where  this  cohesive  property  is  lacking,  as  in 
silk  and  some  of  the  cruder  vegetable  fibers,  the  strength  of  the  twisted 
thread  depends  on  the  great  length  of  the  individual  filaments. 

Origin.  The  textile  fibers  may  be  classified  with  respect  to  their 
origin  in  the  following  manner: 

Animal  Fibers j  consisting  (a)  of  the  hairy  covering  of  various  animals, 
principally  of  the  sheep,  goat,  cow,  and  camel;  and  (6)  of  the  filaments 
spun  by  the  silk-worm  for  its  cocoon. 

Vegetable  Fibers,  consisting  (a)  of  the  hairy  covering  of  the  seed  of 
the  cotton  plant;  (fe)  of  the  bast  or  structural  part  of  the  stem  of  certain 
plants  such  as  flax,  ramie,  jute,  and  hemp;  (c)  of  the  structural  part 
of  the  leaves  of  such  plants  as  sisal,  agave,  and  certain  palms. 

Mineral  Fibers,  of  which  the  only  representative  is  asbestos. 

Artificial  Fibers,  such  as  artificial  silk  prepared  from  solutions  of 
cellulose  derivatives,  spun  glass,  and  certain  metals  drawn  out  to  fine 
filaments. 

The  great  bulk  of  the  textile  fibers  are  comprised  under  the  first  two 
classes,  of  which  the  most  typical  representatives  to  be  considered  are: 
wool,  silk,  cotton,  and  linen. 
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The  Animal  Fibers.  In  their  chemical  nature  these  fibers  are  essen- 
tially proteid  substances  of  complex  organic  structure.  The  basis  of  wooi 
(and  the  hair  fibers  in  general)  is  called  keratin,  a  nitrogenous  substance 
containing  also  sulphur,  while  that  of  silk  is  known  as  fibroin^  w^liich  is 
also  nitrogenous  but  does  not  contain  sulphur.  In  their  physical  struc- 
ture the  hair  fibers  are  very  complex,  being  composed  of  minute  cells 
and  provided  with  an  external  layer  or  sheath  of  hard,  bone-like  ti^ue 
or  scales.  Silk,  on  the  other  hand,  is  a  continuous  filament  without 
apparent  organic  structure. 

The  Vegetable  Fibers.  The  chemical  basis  of  this  entire  class  of  fibers 
is  cellulosey  and  as  this  contains  neither  nitrogen  nor  sulphur,  it  presents 
a  marked  chemical  difference  to  the  albuminous  substance  of  the  animal 
fibers.  In  their  physical  structure  the  vegetable  fibers  as  a  class  are 
comparatively  simple;  in  the  case  of  cotton  the  fiber  consists  of  a  single 
elongated  cell;  with  the  bast  and  leaf  tissues  the  commercial  fiber  consists 
of  a  more  or  less  complex  aggregate  of  small  cells.  Cotton  in  its  natural 
state,  consists  of  almost  pure  cellulose  and  requires  but  little  purification 
for  use  in  manufacturing;  the  other  vegetable  fibers,  however,  are  associated 
with  a  considerable  amount  of  substances  other  than  cellulose  and  require 
a  rather  extensive  process  of  purification  for  the  purpose  of  isolating  the 
pure  cellulose  fiber. 

Wool.    This  fiber  is  the  hairy  covering  (or  fleece)  of  the  sheep.    It 
is  a  growth  originating  in  the  skin,  springing  from  a  root  or  hair-foUicle. 
In  its  physical  structure  the  fiber  consists  of  three  portions :   (a)   an  inner 
layer  of  rounded  elliptical  cells,  called  the  medulla,  and  often  containing 
pigment  matter;    (6)  a  surrounding  region  of  elongated  spindle-shapeil 
cells,  called  the  cortical  layer,  which  forms  the  major  portion  of  the  fil)er; 
and  (c)  an  external  coating  of  flattened,  hard  horn-like  cells,  or  epidennal 
scales,  arranged  in  such  a  manner  as  to  overlap  like  the  scales  on  a  fish. 
This  latter  peculiarity  of  structure  gives  to  wool  a  characteristic  micro- 
scopic appearance  whereby  it  may  be  readily 
distinguished  from  other  fibers  (see  Fig.  321). 
The  character  of  fiber  produced  in  the  fleece 
varies  largely  with  the  breed  and  cultivation  of 
the  sheep.     The  merino  sheep  (now   grown 
principally    in   Australia)    gives   a  long,  fine 
and  wavy  fiber,  much  prized  for  the  manu- 
facture of   high-class    clothing  fabrics.     The 
majority  of  the  wool  grown  in  America  (chiefly 
Fig.  321.— Typical  Wool        known  by  the  name  of  "  territory  "  wool)  k  of 
Fiber.  shorter  staple  and  coarser  in  quality.    The 

arrangement  of  the  epidermal  scales  also  variej^ 
considerably  with  the  nature  of  the  fiber.  With  some  wools,  these  scales 
are  prominent  and  the  free  edge  projects  considerably,  giving  the  fiber  a 
serrated  or  saw-toothed  appearance.     Wool  of  this  nature  is  easily  felted 
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as  the  tibcrs  become  firmly  attached  to  one  another  by  the  interlocking  of 
the  projecting  scales.  In  other  varieties  of  wool  the  external  scales  lie  flat 
on  the  surface  with  very  little  free  edge  projecting,  hence  the  surface  of 
these  fibers  are  smooth  and  do  not  readily  felt  together.  Another  important 
physical  property  of  wool  is  its  waviness.  Some  wools  (especially  the  fine 
merinos)  are  very  wavy,  and  the  waves  (or  crimps)  occur  with  great  regu- 
larity throughout  the  entire  length  of  the  fiber;  other  wools  are  stiff  and 
straight  with  little  or  no  waviness,  or  have  very  irregular  waves.  The 
wavy  structure  of  the  fiber  enhances  its  spinning  quality,  as  it  allows  of  a 
greater  coherence  among  the  fibers  when  they  are  twisted  together.  A 
yam  composed  of  such  fibers  also  exhibits  greater  resiliency  and  sponginess 
as  well  as  elasticity. 

In  its  chemical  properties  wool  is  closely  allied  to  gelatin  and  horn- 
tissue.  It  probably  consists  of  a  number  of  chemical  bodies,  as  its 
proximate  chemical  composition  varies  considerably  in  different  samples. 
Its  average  composition  may  be  taken  as  follows: 

PerCi*nt. 

Carbon 50 

Hydrogen 7 

Oxygen 26-22 

Nitrogen 15-17 

Sulphur 2-4 

From  its  general  chemical  reactions  the  substance  of  the  wool  fiber 
has  been  classified  as  a  proteid  to  which  the  name  keratin  has  been  given. 
This  probably  contains  both  amino  and  acid  radicles  in  its  constitution, 
as  it  exhibits  in  a  well  defined  manner  both  basic  and  acid  properties. 
The  amino-acid  existing  in  wool  has  received  the  name  lanuginic  acid, 
and  it  may  be  prepared  by  dissolving  the  fiber  in  barium  hydroxide 
solution,  treating  with  carbon  dioxide  to  precipitate  the  barium,  filtering, 
and  adding  lead  acetate  which  precipitates  the  lead  salt  of  lanuginic  acid. 
The  free  acid  itself  may  be  obtained  by  decomposing  the  lead  salt  with 
hydrogen  sulphide.  Lanuginic  acid  is  soluble  in  water  and  yields  the 
same  reactions  with  mordants  and  dyestuflfs  as  wool  itself.  The  wool 
fiber  is  rather  sensitive  to  the  action  of  high  temperatures;  if  exposed 
to  a  dry  heat  of  over  100°  C.  the  fiber  soon  becomes  discolored,  harsh  and 
brittle.  On  this  account  the  drying  of  woolen  materials  should  be  care- 
fully conducted  to  avoid  injury.  Strong  solutions  of  mineral  acids  destroy 
the  wool  fiber,  though  dilute  solutions  are  without  injury.  Sulphuric  acid 
in  dilute  solution  apparently  combines  in  a  chemical  manner  with  wool, 
causing  the  fiber  to  become  more  reactive  towards  many  dyestuffs.  Nitric 
acid  gives  wool  a  yellow  coloration,  supposedly  due  to  the  formation 
of  xanthoproteic  acid.  Nitrous  acid  apparently  causes  a  diazotizatioii 
of  the  amino  radicle  in  wool,  for  when  so  tieated  the  fiber  combines  with 
various  phenols,  with  the  production  of  a  number  of  colors.     Solutions 
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of  alkalies  (especially  the  caustic  alkalies)  react  injurious,  with  the  wool 
fiber;  with  even  dilute  solutions  of  sodium  hydrate  wool  is  rapidl3'  dL^ 
solved.  This  reaction  permits  of  the  easy  chemical  separation  of  wool 
from  cotton  for  analytical  purposes.  With  solutions  of  metallic  salts 
(such  as  potassium  dichromate,  alum,  ferrous  sulphate,  etc.)  wool  reacts 
in  apparently  a  chemical  manner,  as  it  combines  with  the  metallic  oxide, 
and  in  this  condition  is  capable  of  uniting  with  many  dyestuffs.  This 
process  is  termed  mordant 'ng  and  the  metallic  salts  employed  are  known 
as  mordants.  When  wool  is  treated  with  solutions  of  bleaching  p)owder 
a  product  known  as  chlorinated  wool  is  produced;  the  fiber  becomes 
glossy,  harsh,  and  loses  its  felting  properties. 

Scouring  of  WooL  In  its  natural  state  in  the  fleece  wool  is  contami- 
nated with  a  number  of  impurities.     These  may  be  classified  as  follows: 

(a)  Wool  grease,  which  occurs  in  large  quantities  as  an  external  coating 
on  the  fiber;  it  is  a  natural  exudation  of  the  sheep  and  serves  as  a  protec- 
tion to  the  fiber,  preventing  it  from  becoming  felted  and  mechanically 
injured.  It  differs  from  other  animal  fats  in  that  it  does  not  consist  of 
the  glycerides  of  the  fatty  acids,  and  is  very  difficultly  saponifiable  with 
caustic  alkalies.  Wool  grease  posses.ses  more  the  chemical  properties 
of  a  wax,  as  it  is  composed  mostly  of  the  higher  solid  alcohols  known 
as  cholesterin  and  isocholesterin  both  in  the  free  state  and  as  esters  with 
the  fatty  acids.  Though  insoluble  in  water  and  not  saponifiable  by 
alkalis,  cholesterin  is  easily  emulsified,  a  property  on  which  is  based  the 
usual  method  of  wool  scouring.  Wool  grease,  however,  is  easily  soluble 
in  naphtha  and  other  volatile  solvents. 

(6)  Suinty  or  dried-up  perspiration,  consisting  largely  of  potash  salts 
of  organic  acids,  and  soluble  in  water. 

(c)  Miscellaneous  dirt,  such  as  dust,  sand,  vegetable  matters,  tar, 
etc. 

Before  the  wool  fiber  can  be  used  in  manufacturing  processes  it  must 
first  be  cleansed  from  the  adhering  impurities.  This  is  accomplished 
by  scouring  the  dirty  and  greasy  wool  in  a  warm  soap  solution,  to  which 
more  or  less  soda  ash  is  added.  The  temperature  of  scouring  should  not 
be  above  140°  F.,  else  the  fiber  will  be  injured  by  the  action  of  the  alkali. 
The  wool  grease  is  easily  emulsified  by  the  alkaline  soap  solution,  whereas 
the  suint  is  dissolved  by  the  water,  the  other  impurities  being  removed 
by  the  mechanical  action  of  the  water.  After  scouring  in  the  soap  solution 
the  wool  is  thoroughly  rinsed  in  warm  water,  and  finally  squeezed  and 
dried.  Another  form  of  wool  scouring,  known  as  the  solvent  process^  is 
becoming  of  great  importance  in  this  country.  The  greasy  wool  is  treated 
with  solvent  naphtha  in  closed  kiers,  and  the  resulting  solution  of  wool 
grease  is  transferred  to  stills  where  the  naphtha  is  recovered  and  the 
wool  grease  is  obtained  as  a  by-product.  The  latter  may  be  further 
purified  and  utilized  for  the  preparation  of  lanolin  compounds.  The 
degreased  wool  is  next  treated  with  a  dilute  warm  soap  solution  to  remove 
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the  suint  and  dirt.  This  process  leaves  the  fiber  in  a  much  better  con- 
dition and  the  recovered  grease  is  of  sufficient  value  to  pay  for  the  cost 
of  scouring. 

The  potash  salts  existing  in  wool  suint  and  removed  by  the  scouring 
are  valuable  by-products  which  are  capable  of  recovery.  In  many 
European  plants  these  salts,  as  well  as  the  grease,  are  recovered  and 
utilized;  in  this  country,  however,  the  wash  waters  containing  the  suint  are 
run  to  waste.  The  amount  of  grease  and  dirt  in  wool  varies  greatly  with 
the  breed  and  cultivation  of  the  sheep.  The  finer  stapled  wools  usually 
contain  the  largest  proportion  of  grease.  The  amount  of  dirt  and  vege- 
table  matter  will  depend  largely  on  the  character  of  the  range  on  which 
the  sheep  are  grown;  a  dry  sandy  soil  usually  producing  a  large  amount 
of  dust  in  the  wool.  The  amount  of  loss  caused  in  scouring  wool  is  known 
as  its  shrinkage  and  this  amounts  to  40  to  70  per  cent  on  the  weight  of 
the  raw  fleece.  In  America,  as  a  rule,  there  is  no  distinction  made  between 
the  wool  grease  and  the  suint  but  the  total  impurities  in  the  fleece  are 
known  under  the  name  of  yolk,  as  in  the  usual  emulsion  process  of  scouring 
the  entire  impurities  are  removed  in  toto  in  a  single  operation. 

The  scouring  of  wool  is  usually  conducted  by  machinery  with  the 
object  of  agitating  the  fiber  in  the  least  possible  degree  so  as  to  avoid 
felting.  The  machines  in  general  use  are  long  tanks  arranged  in  tandem 
order.  The  greasy  wool  is  introduced  into  the  first  tank  by  means  of  a 
traveling  apron,  and  is  slowly  carried  through  the  scouring  liquor  by 
moving  forks  until  it  is  caught  up  by  squeeze  rolls  and  passed  into  the 
second  tank,  where  it  is  carried  forward  in  the  same  manner  through  another 
soap  solution;  it  is  finally  carried  through  a  third  tank  containing  fresh 
warm  water  for  rinsing.  The  scouring  liquor  is  introduced  fresh  into  the 
second  tank  and  passes  thence  into  the  first  tank,  so  as  to  have  the  clean 
wool  coming  from  the  fresh  liquor.  In  some  places  the  spent  scouring 
liquors  are  worked  up  to  recover  the  potash  salts  by  simple  evaporation 
and  calcination,  when  from  5  to  10  per  cent  (on  the  weight  of  the  raw 
wool)  potash  may  be  obtained.  Again,  the  spent  liquors  are  sometimes 
treated  with  sulphuric  acid  in  order  to  decompose  the  soaps  and  liberate 
the  fatty  matters.  The  latter,  together  with  the  associated  wool  grease, 
are  settled  out  on  the  surface  of  the  liquor  from  which  they  are  removed. 
The  excess  of  water  is  eliminated  by  hot  presvsing  in  bags.  The  crude 
greasy  product  so  obtained  is  known  as  Yorkshire  grease,  and  has  con- 
siderable use  for  dressing  leather  and  as  a  lubricating  grease. 

Mechanical  Treatment  of  Wool  in  Manufacture.  After  wool  has 
been  scoured  and  dried  the  next  step  is  to  convert  it  into  yam.  In  the 
first  place,  according  to  the  quality  of  yam  desired,  a  close  selection  of 
the  required  grade  of  wool  is  made.  This  is  the  function  of  a  special 
branch  of  the  industry  known  as  wool  grading  and  sorting.  Wool  is  first 
graded  with  reference  to  the  breed  of  sheep,  such  as  full-blood  merino, 
territory,  half  blood,  etc.     This  has  reference  chiefly  to  the  fineness  and 
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length  of  staple.  The  long  stapled  wools  are  suitable  for  combing  and  are 
used  for  the  preparation  of  worsted  yams;  the  shorter  stapled  varieties 
are  carded  and  made  into  woolen  yarns.  In  the  combing  process  the 
shorter  fibers  (noils)  are  removed  from  the  long  ones,  leaving  the  latter 
to  form  what  is  called  /ops,  a  form  of  preparation  previous  to  the  spinning 
of  the  yarn.  As  the  character  and  equality  of  the  fiber  varies  considerably 
at  different  parts  of  the  same  fleece,  wool  is  further  graded  by  sorting  the 
fleece  into  its  distinctive  portions,  such  as  the  loin,  back,  neck,  legs,  etc. 
Usually  the  fleece  is  sorted  into  nine  portions.  The  grading  and  sorting 
of  the  fleece  is  made  previous  to  scouring. 

In  the  preparation  of  yam  the  first  step  is  combing  (for  long 
staples)  or  carding  (short  staples).  This  is  for  the  purpose  of  remo\nng 
undesirable  matters,  such  as  short  fibers,  adhering  impurities,  etc.,  and 
also  to  lay  the  fibers  in  a  parallel  direction  and  bring  the  wool  into 
a  ribbon-like  form  so  as  to  permit  of  the  subsequent  spinning  opera- 
tions. These  latter  processes  consist  in  further  paralleling  the  fibers 
and  reducing  the  thread  to  the  desired  size  by  drawing  out  and 
twisting. 

Chemical  Treatment  of  Wool  in  Manufacture.  (1)  Bleaching,  The 
wool  fiber  in  its  natural  state  contains  more  or  less  of  a  yellowish  brown 
pigment.  In  some  cases  this  pigment  becomes  greatly  accentuated  and 
the  fleece  may  be  dark  brown  or  even  black  in  color,  but  these  occasional 
"  black  sheep  "  are  of  rather  rare  occurrence.  Where  it  is  desirable 
to  have  a  perfectly  white  fiber  either  for  purposes  of  dyeing  delicate 
tints  or  for  white  goods,  it  becomes  necessary  to  bleach  the  wool.  There 
are  two  general  methods  in  use  at  present  for  this  purpose.  In  the  first, 
sulphurous  acid,  SO2,  is  used  as  the  active  bleaching  agent.  The  well 
scoured  and  moistened  woolen  material  is  placed  in  a  suitable  room  and 
subjected  to  the  prolonged  action  of  fumes  of  burning  sulphur,  the  t»me 
required  for  complete  bleaching  being  from  eight  to  twenty-four  hours,  de- 
pending on  the  nature  and  texture  of  the  material.  The  proce&s  is  termed 
"  stoving,"  from  the  so-called  stove  in  which  the  sulphur  is  burnt.  The 
bleaching  room  must  be  so  constmcted  as  not  to  permit  of  the  condensed 
acid  liquor  dropping  on  the  goods,  which  would  otherwise  be  spotted 
and  injured.  This  process  is  known  as  the  "  gas  *'  or  "  dry  "  method  of 
bleaching.  After  the  bleaching  is  finished  the  wool  is  rinsed  in  a  water 
containing  a  minute  quantity  of  a  blue  or  bluish-violet  coloring  matter 
for  the  purpose  of  tinting  the  white  so  as  to  furnish  a  more  pleasing  color 
to  the  eye.  A  *'  wet  "  process  of  bleaching  may  also  be  employed,  the 
wool  being  steeped  in  a  dilute  solution  of  sodium  bisulphite  for  some  hour?, 
and  then  passed  through  a  bath  of  dilute  sulphuric  acid.  The  bleached 
white  obtained  on  wool  with  sulphurous  acid  does  not  appear  to  be  per- 
manent, as  prolonged  exposure  to  the  air  will  cause  the  yellow  natural 
color  to  return.  This  has  been  accounted  for  by  assuming  that  the  sul- 
phurous acid  merely  reduces  tlie  natural  pigment  to  a  colorless  compound 
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which  becomes  reoxidized  on  exposure  to  the  air,  resulting  in  the  formation 
again  of  the  original  pigment. 

A  second  process  for  the  bleaching  of  wool  which  is  coming  into  con- 
siderable favor  more  especially  for  fine  goods  is  that  which  employs 
sodium  peroxide  as  the  bleaching  agent.  Formerly  hydrogen  peroxide 
was  used  somewhat  in  bleaching,  but  its  cost  is  too  high  for  general  pur- 
poses. Sodium  peroxide,  Na202,  when  dissolved  in  water  acidulated 
with  sulphuric  acid,  yields  a  solution  of  sodium  sulphate  and  hydrogen 
peroxide : 

Na202+H2S04  =  Xa2S04+H202. 

The  hydrogen  peroxide  in  contact  with  organic  substances  readily 
decomposes  with  liberation  of  nascent  ox>'gen: 

H202  =  H20+0, 

and  the  latter  quickly  decomposes  and  destroys  the  coloring  matters 
in  wool.  In  general  outline,  then,  the  process  of  bleaching  wool  with 
sodium  peroxide  is  to  prepare  a  bleaching  liquor  as  follows: 

100  gals,  of  pure  water; 

5  lbs.  5  ozs.  oil  of  vitriol  (168°  F.) ; 

4  lbs.  of  sodium  peroxide  (98  per  cent). 

The  acid  is  mixed  with  the  water  first  and  then  the  sodiimi  peroxide  is 
carefully  sifted  in.  These  proportions  should  leave  the  bath  in  a  slightly 
acid  condition;  this  is  essential,  as  otherwise  caustic  soda  would  be  present 
from  the  incomplete  neutralization  of  the  sodium  peroxide,  and  small 
traces  of  that  alkali  in  the  bath  would  be  very  injurious  to  the  fiber. 
Before  using  the  bath  for  bleaching  it  is  neutralized  by  the  addition  of 
the  requisite  amount  of  sodium  silicate,  ammonia,  or  borax.  This  is 
necessary  because  the  bleaching  effect  is  much  enhanced  in  a  slightly 
alkaline  solution.  The  woolen  material  (which  has  previously  been 
well  scoured)  is  then  entered  and  manipulated  sufficiently  to  thoroughly 
saturate  the  fibers,  after  which  the  wool  is  left  in  the  liquor  for  ten  to 
twenty  hours  when  the  bleaching  should  be  complete.  All  the  materials 
employed  in  the  preparation  of  the  sodium  peroxide  bath  must  be  very 
free  from  iron,  otherwise  the  bleaching  will  be  imperfect.  The  bleaching 
vat  should  be  of  wood  and  all  necessary  pipes  should  be  of  lead.  The 
temperature  of  the  bath  should  l^e  maintained  at  about  100°  F.  during 
the  entire  time  of  bleaching.  The  white  color  obtained  by  this  method 
of  bleaching  is  a  permanent  one  as  the  pigment  matter  in  the  fiber  is 
completely  destroyed.  It  also  leaves  the  fiber  free  from  any  deleterious 
substance,  hence  is  to  be  preferred  to  the  sulphur  method  which  nearly 
always  leaves  a  residue  of  sulphurous  acid  (or  its  compounds),  and  this 
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acts  injuriously  on  many  coloring  matters  which  may  be  used  in  the  after- 
dyeing  of  the  bleached  wool.  Unfortunately  the  cost  of  the  sodium 
peroxide  method  is  still  too  high  to  permit  of  its  general  adoption. 

Wool  may  also  be  bleached  by  treatment  with  a  cold  dilute  solution 
of  potassiimi  permanganate.  The  pigment  in  the  fiber  is  rapidly  destroj-ed 
by  the  strong  oxidizing  action  of  this  chemical,  but  the  resulting  decom- 
position of  the  permanganate  precipitates  a  brown  hydroxide  of  manganese 
on  the  fiber,  hence  it  is  necessary  to  pass  the  wool  through  a  second  bath 
containing  a  weak  solution  of  sodium  bisulphite  which  removes  completely 
the  deposit  of  manganese  compound  and  leaves  the  wool  perfectly  white. 
This  method  gives  a  very  rapid  process  for  bleaching,  but  it  is  rather 
costly.  Wool,  however,  which  had  been  bleached  with  sulphurous  acid, 
is  often  treated  with  a  very  dilute  solution  of  potassium  permanganate 
\o  insure  the  complete  removal  of  all  residual  sulphurous  acid  compounds 
from  the  fiber.  Wool  may  be  bleached  in  almost  any  stage  of  its  manu- 
facture; as  loose  stock,  tops,  yam,  or  cloth. 

Carbonizing.  Woolen  material  is  often  contaminated  with  small 
quantities  of  vegetable  fiber,  and  as  the  latter  does  not  become  dyed  in 
the  same  manner  as  the  wool,  it  shows  itself  in  the  form  of  specks.  To 
purify  the  cloth  (or  other  form  of  manufactured  wool)  from  these  specks. 
the  vegetable  fiber  is  destroyed  by  treatment  with  a  dilute  solution  of 
sulphuric  acid  (6°  Tw.)  and  subsequently  drying  at  180  to  190°  F.  This 
"  carbonizes  "  the  vegetable  matter,  or  reduces  it  to  a  brittle  friable 
substance,  which  is  easily  removed  by  beating  and  washing  the  woolen 
material.  Dilute  solutions  of  aluminium  chloride  (10  to  12°  Tw.)  nia\^ 
also  be  used  for  the  same  purpose,  as  on  drying  this  salt  is  decomposed 
with  liberation  of  hydrochloric  acid.  The  latter  method  is  used  chiefly 
where  dyed  materials  are  to  be  treated,  as  the  colors  are  less  affected  than 
when  sulphuric  acid  is  employed.  The  process  of  carbonizing  is  also 
largely  employed  for  the  purpose  of  rcc3vcring  the  pure  wool  fiber  from 
rags  containing  mixtures  of  wool  and  cotton  yams.  The  resulting  prod- 
uct is  known  as  shoddy  or  mungo  and  has  a  large  use  in  the  woolen  industry. 

Crabbing.  This  is  a  process  for  removing  the  crinkle  or  curl  from 
cloth  or  yam  caused  by  the  uneven  shrinkage  or  curl  of  the  fiber.  It 
depends  on  the  fact  that  when  the  wool  fiber  is  subjected  to  a  moist  heat 
it  becomes  plastic  and  can  easily  be  straightened  out  by  stretching.  If 
the  fiber  is  then  cooled  in  the  stretched  condition  it  will  preserve  its 
straight  form  permanently.  Tightly  twisted  worsted  yams  are  very  liable 
to  curl  up.  This  may  be  remedied  by  treating  the  stretched  yam  with 
steam  or  boiling  water,  and  then  allowing  to  cool  while  still  in  the  stretched 
condition.  Cloth  containing  tightly  twisted  or  curled  yams  or  contain- 
ing a  mixture  of  woolen  and  cotton  yarns  will  crinkle  up  or  pucker  owing 
to  uneven  contraction  of  the  yams  in  finishing.  This  may  be  removed 
by  passing  the  stretched  cloth  alternately  through  boiling  water  and  cold 
water,  or  better  yet  by  tightly  winding  the  cloth  on  a  perforated  cylinder 
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and  blowing  steam  through  it,  then  subsequently  cooling.    The  crabbing 
process  in  the  case  of  cloth  is  also  known  as  decatizing. 

Fulling.  This  process  is  also  known  as  "  milling."  It  is  a  felting 
action  produced  on  the  wool  fibers  in  a  fabric  by  the  combined  action  of 
soap  and  friction.  The  projecting  scales  on  the  individual  fibers  become 
interiocked  so  that  the  fibers  firmly  adhere  together.  This  action  causes 
the  cloth  to  shrink  considerably  and  at  the  same  time  become  more  con- 
tinuous and  homogeneous  in  its  structure.  If  the  operation  of  fulling  is 
carried  on  to  its  full  extent  a  felt  is  made  of  the  cloth.  Acid  solutions, 
and  even  boiling  water,  combined  with  friction  will  also  produce  fulling. 
In  this  manner  hat  felts  are  produced. 

The  Minor  Animal  Fibers.  In  addition  to  wool  there  are  also  a 
number  of  other  animal  hair  fibers  employed  to  a  limited  extent  in  the 
manufacture  of  textiles.  The  woolly  fibers  of  different  species  of  goats 
are  utilized  in  much  the  same  manner  as  wool  itself.  Mohair  is  obtained 
from  the  Angora  goat.  The  fiber  is  long,  fine,  smooth  and  highly  lustrous. 
It  is  largely  used  for  the  manufacture  of  plushes,  braids,  and  linings. 
Cashmere,  alpaca,  and  llama  are  also  fibers  from  species  of  goats.  All 
of  these  animal  hair  fibers  are  similar  in  chemical  composition  to  wool; 
their  physical  structure  is  also  very  similar. 

Silk.  Though  silk  is  also  an  animal  fiber  and  somewhat  similar  to 
wool  in  its  general  chemical  properties,  it  differs  very  widely  from  that 
fiber  in  its  physical  structure  and  properties.  The  silk  fiber  is  a  fine 
continuous  filament  spun  by  the  silkworm  in  the  preparation  of  its 
c  ocoon.  The  fiber  as  spun  by  the  caterpillar  consists  of  two  filaments 
composed  of  a  proteoid  substance  called  fibroin  and  surrounded  and 
cemented  together  by  a  glue-like  substance  known  as  sericin  or  silk-gum. 
The  silkworms  are  cultivated  principally  in  China,  Japan,  Italy,  and 
southern  France.  Their  chief  food  consists  of  the  leaves  of  the  mulberry 
tree,  hence  the  caterpillar  is  known  as  the  mulberry  silkworm,  or  Bombyx 
viori.  The  cocoons  are  irregularly  ovoid  in  shape  and  the  length  of  the 
fiber  in  them  varies  from  350  to  1200  meters,  while  its  average  diameter 
is  0.018  mm.  The  silk  fiber  as  used  in  manufacturing  is  prepared  by 
reeling  from  the  cocoons.  When  the  cocoons  have  been  completed  by  the 
silkworm  they  are  collected  and  heated  in  an  oven  to  a  temperature  of 
60  to  70°  C.  for  the  purpose  of  killing  the  pupa  within.  Or,  the  cocoons 
may  be  steamed  for  a  few  minutes  which  serves  the  same  purpose.  The 
cocoons  are  then  sorted  for  size,  color,  damage,  etc.,  so  as  to  obtain  a 
uniform  product.  They  are  then  placed  in  a  basin  of  warm  water  which 
softens  the  enveloping  silk-glue  and  permits  of  the  unwinding  of  the 
cocoon  thread.  The  fibers  from  several  cocoons  are  brought  together 
and  passed  over  a  suitable  reel  where  they  are  slightly  twisted  together 
to  form  a  thread  of  sufficient  size  for  weaving.  The  adhering  silk-glue 
becomes  hardened  again,  so  that  the  thread  presents  a  uniform  appear- 
ance.    This  silk  is  reeled  into  skeins  of  convenient  size  and  comes  into 
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trade  as  raw  silk.  Owing  to  the  presence  of  the  silk-glue  it  is  stiff  ami 
wiry  and  translucent  in  appearance.  Some  varieties  are  of  a  creamy 
white  color,  while  others  are  quite  yellow.  This  yellow  color,  however, 
exists  only  in  the  silk-glue  and  is  removed  along  with  the  latter.  Orgamine 
silk  is  prepared  from  the  highest  grade  of  cocoons,  and  by  reason  of  its 
superior  strength  it  is  employed  for  warps.  Tram  silk  is  weaker  and  i:« 
used  for  filling.  In  the  reeling  of  silk  a  large  amount  of  waste  is  producetl. 
This  is  scoured  in  a  solution  of  soap  and  soda  in  order  to  remove  the  silk- 
glue,  and  the  residual  fiber  is  then  carded  and  combed  and  is  used  for 
the  preparation  of  spun  silk, 

Boiling-off  of  Silk,     The  rec^led  silk  as  it  appears  in  trade  consists 
of  70  to  75  per  cent  of  fibroin  or  fiber  proper  and  30  to  25  per  cent  of  seririn 
or  silk-glue.     For  purposes  of  manufacture  it  is  necessary  to   remove 
more  or  less  of  the  silk-glue.     For  this  purpose  the  skeins  of  raw  silk  are 
treated  near  the  boil  in  a  strong  solution  of  soap  (about  1  lb.  per  gallon). 
The  soap  must  be  of  the  best  quality  and  free  from  uncombined  alkali 
as  the  quality  of  the  silk  is  greatly  deteriorated  by  the  presence  of  even 
a  trace  of  the  latter  substance.     When  all  of  the  silk-glue  is  to  be  removeil 
it  will  be  nece^ssary  to  boil  the  silk  for  several  hours  in  two  or  more  soap 
solutions.     It  is  best  to  maintain  the  temperature  just  under  the  boiling- 
point  to  prevent  the  tangling  of  the  fine  silk  fibers.     The  soap  solutions 
are  used  continuously  for  the  boiling-out  of  several  batches  of  silk  until 
they  became  heavily  charged  with  dissolved  silk-glue.     The  spent  soap 
solution  is  known  as  boiled-of  liquor  and  is  largely  used  in  the  preparation 
of  the  dye-bath  for  silk.     Boiled-off  silk  will  shrink  about  25  per  cent 
in  weight.     More  frequently  it  is  not  desirable  to  remove  all  of  the  silk 
glne,  but  only  sufficient  to  allow  of  the  fiber  being  subsequently  d\-ed, 
bleached,  or  otherwise  processed.     When  10  to  15  per  cent  in  weight  is 
lost  by  scouring  the  process  is  termed  soupling.    When  the  boiling-off 
removes  only  2  to  5  per  cent  in  weight  the  product  is  known  as  icru  silk. 

The  Chemical  Nature  and  Properties  of  Silk.  Though  silk  is  some- 
what similar  to  wool  in  its  general  chemical  properties  it  differs  from  that 
fiber  in  that  it  does  not  contain  any  sulphur  in  its  composition.  Silk 
is  readily  attacked  by  alkalies,  especially  in  hot  solutions,  though  it  is 
more  resistant  in  this  respect  than  wool.  The  caustic  alkalies  slowly 
dissolve  the  silk  fiber  on  boiling,  whereas  the  "alkaline  carlwnates  are 
much  less  destructive,  but  even  these  reagents  slowly  attack  the  fiber. 
Concentrated  hydrochloric  acid  rapidly  dissolves  silk  even  when  cold. 
Dilute  mineral  acids  are  absorbed  by  the  fiber  in  the  same  manner  as  with 
wool,  and  may  be  employed  in  the  dyeing  of  silk.  Dilute  solutions  of 
nitric  acid  are  employed  for  the  bleaching  of  silk.  The  effect  of  dilute 
acid  solutions  on  silk,  especially  when  dried  into  the  fiber,  is  to  increase 
somewhat  the  luster  and  to  give  the  silk  what  is  called  scroop — that  is, 
it  produces  a  crackling  rustling  sound  when  rubbed  or  compressed.  This 
property  is  best  imparted  by  steeping  the  silk  in  a  bath  of  dilute  acetic. 


water  (containing  lime)  should  I)€  avoided  when  dyeing  or  bleaching  silk, 
as  it  affects  the  luster  of  the  fiber,  and  makes  it  brittle.  Chlorine,  and 
oxidizing  agents  in  general,  rapidly  destroy  the  silk  fiber,  except  when 
employed  in  very  dilute  solutions.  Silk  is  capable  of  absorbing  metallic 
salts  from  solutions  and  fixing  the  oxide  of  the  metal  in  the  fiber.  On  this 
action  is  based  the  process  of  mordanting  and  weighting  silk.  Tannic 
acid  is  also  absorbed  by  the  fiber  in  large  proportions.  For  purposes  of 
mordanting,  silk  is  steeped  successively  in  baths  containing  tannic  acid 
(cutch,  myrabolams,  etc.)  and  an  iron  salt  (such  as  pyrotignite  of  iron  or 
"  nitrate  of  iron,"  which  is  really  a  ferric  sulphate).  By  repeating  these 
treatments  a  number  of  times  the  silk  may  be  weighted  to  a  considerable 
extent, frequently  as  much  as  100  per  cent.  This  method  of  weighting  is 
principally  used  as  a  preparation  for  the  black  dyeing  of  silk.  Where  colors 
are  to  be  dyed,  the  silk  is  usually  weighte<l  with  tin  phosphate,  the  fiber 
being  treated  with  baths  of  stannic  chloride,  .sodium  phosphate,  and  sodium 
silicate.  A  high  degrre  of  wpighting  can  also  be  obtained  in  this  manner. 
The  proximate  composition  of  the  fibroin  of  silk  is  as  follows; 

Carbon 48.3% 

Hydrogen 6.5 

Oxygen 26 . 0 

Nitrogen 19-2 


100.0 


These  figures  refer  to  the  purified  fibroin  free  from  all  silk-glue  or  other 
contaminating  substances.  As  different  samples  of  silk  pve  slightly 
different  results  on  analysis,  it  is  probable  that  the  silk  fiber  is  a  composite 
substance  and  not  an  individual  chemical  body.  The  sericin,  or  silk- 
glue,  has  the  following  composition: 

Carbon 48.8% 

Hydrogen 6.2 

Oxygen 26.0 

Nitrogen 19.0 

100.0 

Thus  it  will  be  seen  that  the  sericin  is  very  close  to  the  fibroin  in  its  chem- 
ical composition.  The  former,  however,  is  slowly  soluble  in  warm  water 
and  readily  soluble  in  soap  and  alkaline  solutions,  whereas  the  fibroin  is 
not. 

Phjrsical  Properties  of  Silk.  When  examined  under  the  microscope 
the  raw  silk  fiber  is  found  to  consist  of  two  more  or  less  parallel  filaments 
more  or  less  firmly  cemented  together  by  an  envelope  of  silk-glue.     Due 
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to  the  process  of  reeling  from  the  cocoon,  irregular  shreds  and  lumps  of 
silk-glue  will  also  be  noticed  adhering  to  the  fibers  (see  Fig.  322).    Thi< 

microscopic  appearance  of  silk  is  quite  character- 
istic, and  serves  to  distinguish  it  from  other 
fibers.  No  indication  of  internal  structure  can 
be  noticed  in  the  case  of  the  purified  fiber;  it 
merely  resembles  a  translucent  glass  rod,  smooth 
and  regularly  cylindrical. 

As  already  noted  raw  silk  is  harsh  and  w\t\  in 
handle  and  rather  lusterless  in  appearance.     Thi< 
is  due  to  the  envelope  of  silk-glue  surrounding 
Fig.  322.— Silk  Fiber,      ^jj^  fil)er.     When  this  is  removed  the  fiber  proper 
Cocoon    threads    showing  appears  as  a  white,  soft,  and  highly  lustrous  fiber. 

Sringsf^X^''"'*'^"  ^*  possesses  a  remarkably  high  tensile  strength 

and  great  elasticity.    Silk  is  also  a   good   non- 
conductor of  heat  and  electricity. 

Wild  Silks.  Besides  the  ordinary  variety  of  cultivated  or  mulberry 
silkworm,  there  are  a  number  of  other  silkworms  which  grow  wild,  yet 
furnish  cocoons  which  yield  a  considerable  amount  of  commercial  silk. 
This  fiber  is  generally  known  under  the  name  of  tussah  or  tussur  silk. 
It  is  of  a  brownish  color,  and  is  harsher  and  coarser  than  mulberry  silk. 
It  is  also  much  harder  to  boil  off  and  to  bleach  and  dye.  It  is  largely 
used  for  the  manufacture  of  plush  fabrics,  imitation  sealskin,  etc.,  and 
also  for  a  dress  material  known  as  **  pongee  "  or  tussur  silk.  Wild  silk  can 
readily  be  distinguished  under  the  microscope,  as  the  fibers  are  broad, 
and  the  cross-section  is  flat  and  triangular.  Longitudinal  striations  are 
also  very  distinct.,  as  well  as  peculiar  oblique  cross-markings  caused  by 
the  overlapping  of  the  fibers  on  one  another  in  the  cocoon  before  the  fibroin 
has  become  hardened. 

Bleaching  of  Silk.  For  most  purposes  silk  is  sufficiently  white  without 
bleaching,  but  where  very  delicate  tints  are  to  be  dyed  or  where  a  very- 
pure  white  fabric  is  desired,  it  is  necessary  to  bleach  out  the  slight  tint  of 
yellow  to  be  noticed  in  natural  silk.  Silk  may  be  bleached  in  much  the 
same  manner  as  wool,  using  either  the  sulphurous  acid  or  the  sodium 
peroxide  process.  The  latter  method  is  to  be  preferred  in  the  case  of  silk, 
as  it  furnishes  a  nicer  product,  and  the  bleach  is  not  liable  to  become 
yellow  again  on  exposure.  The  extra  cost  of  this  process  is  not  a  drawback 
when  employed  for  silk  as  when  used  for  wool,  as  the  comparative  value 
of  the  fiber  itself  is  far  greater.  Silk  is  also  bleached  by  treatment  with 
dilute  cold  solutions  of  aqua  regia.  This  method  is  generally  employed  in 
the  case  of  soupled  silk. 

Cotton.  The  cotton  fiber  consists  of  the  hairy  covering  of  the  seeds 
of  the  cotton  plant,  or  gossypium.  There  are  a  large  number  of  specie?^ 
and  varieties  of  the  cotton  plant,  the  principal  of  which  are  the  following: 

Gossypium  barbadensej  producing  silky  and  long-stapled  fibers,    the 
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principal  representatives  of  which  are  the  Sea-Island  cotton  of  the  Southern 
Gulf  States,  Egyptian  cotton,  and  Peruvian. 

Gossypium  hirsutum,  which  includes  most  of  the  cotton  grown  in  the 
United  States  and  forms  the  great  bulk  of  the  cotton  used  in  trade.  It 
is  known  as  uplandy  peeler,  or  simply  American  cotton. 

Gossypium  herbdceumy  including  the  majority  of  the  cotton  grown 
in  India  and  China,  as  well  as  the  small  an  ovnt  which  is  grown  in  Italy. 
The  fiber  is  very  short  and  inferior  to  that  ,f  the  two  preceding  varieties. 

Gossypium  arboreum,  comprises  most  of  the  cotton  in  Asia  Minor. 
This  variety  grows  to  the  dimensions  of  a  tree  in  contradistinction  to  the 
other  varieties  which  are  all  shrubs.  The  fiber  is  of  poor  quality,  being 
short  and  coarse  and  of  a  greenish  color. 

The  seed  hairs  of  cotton  are  developed  in  a  boll  as  the  fruit  of  the  plant 
ripens,  and  when  maturity  is  reached  the  boll  bursts  open  liberating  a 
fluffy  white  mass  of  fibers.  These  fibers  are  firmly  attached  to  the  surface 
of  the  seed,  and  after  the  cotton  is  picked  from  the  plant  the  fiber  must  be 
detached  and  separated  from  the  seed  by  a  process  known  as  ginning. 
The  ginned  fiber  is  then  baled  and  distributed  to  the  spinning  mills.  The 
seed  which  is  left  now  forms  a  valuable  by-product  of  the  industry.  It 
is  first  subjected  to  a  second  process  of  ginning  for  the  purposx?  of  removing 
the  short  undergrowth  of  fibers  known  as  neps  or  linters,  and  these  are 
used  in  the  manufacture  of  wadding  and  cotton  batting.  The  cleaned 
seeds  are  then  hulled,  and  from  the  separated  meal  the  oil  is  extracts 
by  cold  and  hot  pressing  and  steaming.  The  cottonseed  oil  so  obtained 
is  a  very  valuable  product,  the  finer  qualities  being  used  for  salad  oils 
and  other  culinary  purposes,  while  the  lower  grades  are  extensively  used 
for  soap-making.  The  residual  meal  is  ased  as  a  cattle-food,  and  other 
residues  find  use  as  fertilizers. 

Before  being  utilized  by  the  spinner,  cotton  is  graded  with  respect  to 
length  and  fineness  of  staple,  color,  cleanliness,  and  other  qualities.  The 
value  of  the  fiber  is  determined  by  this  classification,  the  basis  being  what 
is  known  as  "  middling  "  cotton,  the  various  grades  going  up  and  down 
from  this  standard. 

Physical  Properties  of  Cotton.  The  cotton  fiber  consists  of  a  single 
cell,  narrow  and  elongated,  with  one  end  fastened  to  the  seed  and  the 
other  tapering  to  a  point.  During  its  growth  it  is  tubular,  being  cylin- 
drical in  shape  with  comparatively  thin  cell-walls  and  an  inner  canal  or 
lumen.  When  the  fiber  ripens,  the  sap  in  the  inner  canal  is  absorbed, 
the  cell-walls  collapse,  leaving  a  flat  ribbon-like  fiber  with  thickened 
edges.  By  the  unequal  drying  of  the  fiber  it  becomes  twisted  spirally 
on  its  axis.  These  spiral  twists  give  to  cotton  its  good  spinning  qualities, 
for  when  twisted  together  the  fibers  cohere  to  one  another  to  give  a 
strong  thread.  The  different  varieties  of  cotton  exhibit  considerable 
variation  in  length  and  fineness  of  staple.  Sea  Island  cotton  has  an  average 
length  of  about  1.6  ins.  and  a  diameter  of  0.00065  in.     Ordinary  American 
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cotton  varies  from  1.5  to  0.75  in.  in  length  and  has  a  diameter  of  about 
0.00075  in.  Egyptian  cotton  has  a  staple  slightly  shorter  than  Sea 
Island,  and  of  about  the  same  fineness.  The  South  American  and  Indian 
cottons  are  comparatively  short  and  coarse,  averaging  about  1  in.  in 
length  and  0.00085  in.  in  diameter.  The  physical  character  of  the  fil>er 
in  any  lot  of  cotton  is  very  variable,  hence  in  manufacturing  it  is  neces- 
>*?ary  to  separate  the  short  fibers  from  the  long  by  a  process  of  eombing 
or  carding;  the  longer  fibers  being  used  for  the  better  grade  of  yams 
and  the  shorter  fibers  for  the  coarser  yams.     The  degree  of  ripeness  of 

the  fiber  also  determines  its  general  character; 
unripe  fibers  have  a  very  attenuated  cell-wall 
and  consequently  are  weak  and  brittle.  The 
mature  fiber  has  a  thicker  wall  and  a  much  greater 
strength.  Sea-Island,  American,  and  Indian  cot- 
tons contain  very  little  natural  pigment,  being 
quite  white  in  appearance;  the  chief  varieties  of 
Egj'ptian  cottons,  however,  are  rather  highly 
tinged  with  a  brownish  color  which  is  quite  dis- 
Fia  323  —The  Cotton  tinctive.  The  microscopic  appearance  of  cotton 
Fiber.  is  quite  characteristic  and  serves  to  distinguish 

it  readily  from  other  fibers  either  of  animal 
or  vegetable  origin  (see  Fig.  323).  The  flat,  twisted,  ribbon-like  appear- 
ance is  very  noticeable. 

Chemical  Properties  of  Cotton.  In  common  with  all  other  vegetable 
fibers,  cotton  is  composed  essentially  of  cellulose;  in  fact,  the  purifieii 
fiber  may  be  considered  as  almost  chemically  pure  cellulose.  In  its  natural 
condition,  however,  there  is  a.ssociated  with  the  cellulose  a  small  amount 
of  waxy  and  oily  matter,  which  evidently  acts  as  a  protective  layer  on  the 
surface  of  the  fiber.  The  composition  of  the  natural  fiber  is  about  as 
follows: 

Cellulose  (CoHjoOs) 91.00 

Waxy  and  fatty  matters 0. 50-0.40 

Nitrogenous  matter 0 .  70-0 .  50 

Moisture 7.50-8.00 

Ash  (mineral  matter) 0. 10-0. 12 

The  presence  of  the  waxy  coating  on  the  raw  fiber  causes  it  to  be  water- 
repellent,  hence  difficult  to  impregnate  with  solutions.  On  this  account. 
cotton  material  must  be  boiled  out  for  dyeing  or  bleaching;  that  is  to  say, 
the  wax  must  be  removed  by  boiling  in  a  dilute  solution  of  caustic  soda, 
soda  ash,  soap,  or  other  alkaline  substance.  Certain  oils,  such  as  Turkey- 
red  oil  (sulphonated  castor  oil)  also  have  the  property  of  rapidly  remo\-ing 
the  (;otton-wax.  The  presence  of  this  wax,  however,  aids  considerably 
in  the  spiiming  of  cotton  as  it  makes  the  fiber  more  plastic  and  coherent. 
On  this  account  dyed  and  bleached  cotton  does  not  spin  as  satisfactorily 
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as  raw  cotton.  In  its  general  chemical  reactions  cotton  behaves  in  the 
same  manner  as  ordinary  cellulose.  The  fiber  becomes  rapidly  disinte- 
grated by  the  action  of  mineral  acids,  even  in  comparatively  dilute  solu- 
tions, tad  this  is  especially  true  when  any  of  the  acid  liquor  is  allowed  to 
dry  into  the  fiber.  Hence,  in  all  operations  of  dyeing,  bleaching,  etc., 
where  cotton  may  come  into  contact  with  acid  solutions,  it  is  very  neces- 
sary to  thoroughly  remove  the  acid  by  continued  washing  or  to  neutralize 
it  by  a  treatment  with  an  alkaline  solution.  The  organic  acids  which 
are  volatile  (such  as  acetic  and  formic)  do  not  have  much  effect  on  cotton,, 
and  in  consequence  are  generally  employed  in  operations  where  the  use 
of  an  acid  is, required  for  this  fiber.  The  non-volatile  organic  acids 
(such  as  tartaric  and  oxalic)  when  allowed  to  dry  and  crystallize  in  the 
fiber  affect  it  injuriously.  Concentrated  sulphuric  acid  converts  cotton 
into  a  product  known  as  amyloid  or  vegetable  parchment.  Concen- 
trated nitric  acid  reacts  with  cotton  to  form  a  series  of  nitrated 
celluloses  known  as  pyroxylinSy  which  are  utilized  for  a  variety  of 
commercial  purposes.  Among  these  derivatives  may  be  mentioned  gun- 
cotton,  which  forms  the  basis  of  numerous  high  explosives;  collodion, 
which  is  a  solution  of  pyroxylin  in  a  mixture  of  ether  and  alcohol,  and 
which  is  extensively  used  in  surgery  and  photography  as  well  as  for  the 
production  of  artificial  silk  filaments;  celluloid,  obtained  by  dissolving 
nitrated  cellulose  in  molten  camphor.  The  decomposition  product  of 
cottonwith  dilute  mineral  acid  s  is  known  as  hydrocellulose  or  oxycellidose; 
the  acid  evidently  produces  a  hydration  of  the  cellulose  molecule  with  a 
consequent  breaking  down  of  its  organic  structure.  Tannic  acid  reacts 
in  a  special  manner  with  cotton>  solutions  of  this  acid  do  not  produce 
a  weakening  effect  on  the  fiber,  though  the  acid  is  absorbed  by  the 
cellulose  apparently  with  some  degree  of  chemical  combination.  This 
reaction  is  the  basis  of  mordanting  cotton  for  the  dyeing  of  basic  colors. 
Tungstic  acid  exhibits  a  similar  reactivity  toward  cotton. 

Dilute  solutions  of  alkalies,  under  ordinary  conditions,  have  no  harm- 
ful effect  on  cotton  even  at  a  boiling  temperature,  consequently  such 
solutions  are  universally  employed  for  the  cleansing  or  scouring  of  cotton 
and  cotton  goods  in  general.  A  concentrated  solution  (40  to  60°  F.) 
of  caustic  soda  has  a  remarkable  effect  on  cotton.  The  cellulose  appar- 
ently combines  with  the  alkali,  the  fiber  swells  up,  losing  its  flat  ribbon- 
like appearance  to  become  tubular  and  semi-transparent.  This  process 
is  the  basis  of  the  modem  method  of  mercerizing.  The  product  of  com- 
bination between  cotton  and  caustic  soda  is  known  as  alkali-cellulose; 
it  is^easily  decomposed  by  treatment  with  water,  giving  a  product  known 
as  hydraied  cellulose,  which  is  the  final  form  of  mercerized  cotton.  Alkali- 
cellulose  is  soluble  in  carbon  disulphide,  forming  a  thick  viscous  solution 
of  cellulose  xanthate  known  as  viscose.  This  latter  substance  has  various 
industrial  applications,  such  as  the  preparation  of  artificial  silk,  paper 
sizing,  transparent   films,  etc.     Cotton  is  unlike  wool  in   its  reactivity 
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toward  solutions  of  metallic  salts;  whereas  the  latter  readily  absori)- 
and  combines  with  various  metallic  salts,  cotton  b?  especially  inert  in  thi- 
respect.  On  this  account  cotton  cannot  be  mordanted  in  the  same  manner 
as  wool.  With  oxidizing  agents  such  as  chlorine,  potassium  permanganate, 
and  chromic  acid,  cotton  Is  readily  converted  into  oxycellidose,  a  brittle 
friable  substance.  On  this  account  care  must  be  exercised  in  the  bleaching 
of  cotton  with  chloride  of  lime  to  prevent  the  too  vigorous  action  of  chlorine 
on  the  fiber.  Cotton  can  withstand  a  niuch  higher  temperature  than  wool 
without  decomposition,  though  when  subjected  to  a  heat  of  over  160^ 
C.  the  fiber  suffers  structural  decomposition. 

Bleaching  of  Cotton.  On  account  of  the  nature  and  the  small  amount 
of  impurities  present  in  the  raw  fiber,  cotton  does  not  require  a  previoa- 
scouring  operation  to  fit  it  for  manufacturing  processes.  Pre\'ious  to 
dyeing,  however,  cotton  must  be  scoured  or  "  wet-out  "  for  the  purpose 
of  removing  the  waxy  coating  so  that  the  fiber  may  be  able  to  easily  absorb 
the  dye  solutions.  This  is  accomplished  by  boiling  the  material  in  a 
weak  solution  of  caustic  soda,  soda  ash,  soap,  or  Turkey-red  oil.  WTien 
cotton  is  to  be  bleached,  not  only  the  wax>'  coating  must  be  removed  to 
permit  of  wetting-out,  but  as  far  as  possible  all  of  the  impurities  on  the 
fiber  must  be  removed.  This  process  Ls  termed  "  boiling  out."  Cotton 
may  be  bleachecl  in  any  form  of  its  manufacture.  It  is  occasionally 
bleached  in  the  loose  state  l)efore  spinning,  in  which  case  special  maohint^ 
are  employed  which  allow  of  the  bleaching  liquors  being  circulated  through 
the  cotton  without  motion  of  the  fibers,  so  as  to  avoid  matting  and  injm-v 
to  the  latter.  Instead  of  boiling  out  with  alkalies,  cold  water  is  circulateti 
through  the  cotton  under  pressure,  which  has  the  effect  of  removing  the 
majority  of  impurities  on  the  fiber  without  materially  dissolving  the 
cotton-wax.  Cold  bleaching  liquors,  wash  waters,  acid  solutions,  etc., 
are  then  circulated  in  the  same  manner.  The  result  Ls  a  bleached  cotton 
which  still  retains  considerable  wax,  so  the  spinning  qualities  of  the  fiber 
are  not  materially  injured.  If  loose  cotton  is  thoroughly  boiled  out  and 
bleached  in  the  usual  manner,  the  fiber  will  be  harsh  and  will  not  spin 
well.  Cotton  waste  and  linters  are  also  bleached  largely  in  the  loose  state 
for  the  preparation  of  absorbent  cotton.  In  this  case,  as  it  is  not  necessary 
to  retain  the  spinning  qualities  but  to  make  the  fiber  as  pure  and  as  absorl>- 
ent  as  possible,  a  very  thorough  boiling  out  with  caustic  soda  is  given 
before  the  bleaching. 

Cotton  yarn  is  very  extensively  bleached,  both  for  white  goods  and 
as  a  preparation  for  the  dyeing  of  delicate  shades.  The  yam  in  the 
fomi  of  skeins  is  usually  bundled  together  and  systematically  packeil 
into  a  closed  iron  kier.  The  latter  is  so  constructed  as  to  permit  of  the 
circulation  of  a  boiling  alkaline  solution  under  pressure  (5  to  10  ll>s.1 
through  the  yam.  The  boiling-out  solution  usually  consists  of  a  mixture 
of  caustic  soda  and  soda  ash.  Sometimes  so-called  **  bleaching  assistants  " 
are  used;   these  mostly  consist  of  soda  ash  mixed  with  a  small  amount 


TEXTILES  743 

of  caustic  soda  and  sodium  silicate.     For  the  proper  boiling  out  of  the 

yam  it  Is  essential  that  the  liquor  be  circulated  evenly  and  thoroughly 

through  the  goods.     The  amount  of  alkali  employed  is  about  2  to  3  per 

cent  on  the  weight  of  the  yarn,  and  the  time  of  boiling  varies  from  one 

and  one-half  to  eight  hours,  depending 

on  the  kier  employed  and  the  prensure. 

Overboiling  by  the   use  of  too  much 

alkali  or  too  prolonged  a  treatment 

will  render  the  yam  harsh  and  brittle 

and  also   cause  yellow   stains.      The 

presence  of   air  in  contact  with  the 

superheated  yam  in  the  kier  will  also 

cause  oxidation  resulting  in  weak  places 

and  stains.     After  the  yarn  has  been 

boiled   out   it   is   washed   with   fresh 

water,   usually  in  the  same  kier,  and 

then  worked  in  a  cold  dilute  solution 

of  chloride  of  lime  (bleaching  powder 

or  chemic)  at  U  to  2°  Tw.     For  this 

purpose  the   yam  is  either  hung   in 

sticks  and  steeped  in  thechemic  solution 

in  ordinary  dye-house  vats,  or  better 

yet  it  is  placed  in  a  machine  (such  as  a     p.,^  324.-Cirouktia«  kirr  for  boiling- 

Klauder-Weldon  skein  machine)  where  out  of  colton.    Jefferson  lype 

it  may  be  automatically  worked  in  the 

solution.     The  treatment  with  the  bleaching  liquor  usually  last's  from 

three-quarters  to  one  hour.     The  yam  b  then  rinsed  in  fresh  water  and 

next  soured  by  treatment  with  a  cold  solution  of  sulphuric  aci<l  at  about 

1°  Tw.;  hydrochloric  acid  may  also  be  used.  The  acid  treatment  is  for 
the  purpose  of  deconipasing  the  lime 
compounds  retained  by  the  fiber. 
Where  sulphuric  acid  is  useil  calcium 
sulphate  is  formed,  which  is  easily 
removed  in  the  subsequent  washing. 
^  Hj-pochlorous  acid  and  free  chlorine 

;  are  also  liberated  in  the  fiber  which 

furthers  the  first  bleaching  action  of 
thechi "ride  of  lime  solution.     This 

Fia.  325.— Machine  for  blpacli  cotton  skein  is  evidenced  by  the  fact  that  the 
yams  (Kluuder-Wcli)on).  cotton  becomes  much  whiter  in  ap- 

pearance when  treated  with  the  acid ; 

also  the  presence  of  chlorine  is  to  be  noted  from  its  pungent  odor.     When 

hy<lrochloric  acid  is  used  for  the  souring,  the  verj'  soluble  calcium  chloride  is 

fom:«Hl  which  is  very  easily  removed  from  the  cotton  by  washing;  otherwise 

the  action  of  the  acitl  is  the  same.     After  the  acid  treatment,  it  is  necessary 
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to  give  the  cotton  a  very  thorough  washing  to  remove  as  completely  a^ 
possible  the  residual  acid  liquor  and  the  lime  compounds  from  the  filK>r. 
If  this  is  not  done  the  yarn  will  be  harsh  and  tender  after  drying.  Thf 
washing  should  be  continued  until  the  yam  shows  no  indication  of  aciii 
when  tested  with  blue  litmus  paper.  Finally,  the  yam  is  treated  in  a 
dilute  lukewarm  solution  of  soap  or  other  suitable  finishing  eompoumi. 
and  if  a  bluish  tone  of  white  is  desirable  a  suitable  bluish  violet  coloring 
matter  is  added  for  tinting  purposes.  The  bleaching  process  with  chloride 
of  lime  is  an  oxidation  process;  the  chlorine  itself,  which  is  the  activt^ 
conntituont  of  the  bleaching  powder,  does  not  directly  destroy  the  coloring- 
matter  in  the  fiber.  In  the  presence  of  water,  however,  the  chlorine* 
liberated  in  a  nascent  condition  from  the  chloride  of  lime  reacts  with 
the  fonnation  of  oxygen,  and  it  is  the  latter  which  acts  on  the  coloring 
matter. 

Skein  yam  may  also  l)e  bleached  by  l:)eing  linked  together  in  the  fonii 
of  a  long  chain  and  run  continuously  through  machines  provided  with 
squeeze  rollers.  Yarn  in  the  form  of  prepared  warps  may  also  be  hleaclu-il 
in  a  similar  manner.  There  are  also  special  machines  for  the  bleachmg 
of  cotton  stubbing  and  yarn  in  the  form  of  cops  and  tubes,  the  yam  or 
slubbing  being  wound  on  perforated  tul)es  and  so  arranged  on  the  machine 
that  the  bleaching  liquors  are  forced  through  the  cotton  either  by  means 
of  vacuum  suction  or  pumps. 

Cloth  bleaching  is  the  principal  method,  however,  for  the  bleaching 
of  cotton.  There  are  several  methods  of  carr>dng  out  this  form  of  bleach- 
ing depending  on  the  ultimate  use  to  which  the  goods  are  to  \yo  put. 
When  the  cloth  is  destined  to  be  sold  as  white  muslin  the  process  is  known 
^s  the  market  bleach;  when  the  cloth  is  subsequently  to  \ye  dyecl  ^\^th 
alizarin  colors  (especially  red),  a  so-called  Turkey-red  or  bottom  blench 
is  given;  whereas  cloth  intended  for  printing  is  given  the  madder  bleach. 
These  names  are  quite  old  in  their  application  and  are  falling  into  disuse- 
as  characteristic  temis.  In  bleaching  for  white  goods  for  the  market  it 
is  desirable  to  obtain  a  clear  white  color  with  a  bluish  tint,  and  the  appear- 
ance of  the  goods  also  depends  to  a  considerable  degree  on  the  finishing 
processes  givi^n  the  cloth  after  bleaching.  The  Turkey-red  bleach  i- 
only  for  the  purpos<*  of  providing  a  white  bottom  for  dyed  colors  so  that 
the  latter  will  appear  bright  and  clear.  The  bleaching  required  of  print 
cloth  is  by  far  the  most  complete  and  thorough,  as  it  is  necessary  tu 
remove  all  impurities  from  the  goods  so  as  to  leave  the  cotton  not  onl> 
white  in  color  but  also  in  the  fonn  of  chemically  pure  cellulose  so  that  the 
printing  colors  may  be  properly  applied.  A  general  outline  of  the  va^iou^ 
processes  in  this  method  of  bleaching  is  as  follows: 

Marking.  The  cotton  pieces  as  they  come  from  the  loom  are  stitcht-vl 
together  and  marked  with  a  special  ink  capable  of  resisting  the  bleaching 
operations  so  they  may  be  subsequently  identified. 

Singeing.     The  cloth  is  passed  rapidly  through  a  series  of  gas  jets  so 
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as  to  bum  off  the  loose  fibers  and  lint  from  the  surface.  The  singeing 
may  be  done  on  one  side  only  or  on  both  sides  as  required.  Instead  of 
being  passed  through  gas  jets  the  cloth  may  be  passed  over  curved  copper 
plates  heated  to  redness,  or  over  a  heated  revolving  copper  roller.  Singed 
cloth  gives  a  clear  even  surface  so  that  fine  and  delicate  patterns  may  be 
sharply  and  clearly  printed. 

Gray  Wash,  This  is  a  preliminary  wetting  out  in  water  and  has  for 
its  purpose  the  removal  of  much  of  the  external  dirt  as  well  as  the  soften- 
ing and  removal  of  much  of  the  sizing  used  on  the  warp  yams  in  weaving 
the  cloth.     This  operation  is  frequently  omitted. 

Boiling  Out.  This  is  a  similar  operation  to  the  boiling  out  of  cotton 
yam.  It  is  usually  conducted  in  large  closed  iron  kiers  provided  with  a 
suitable  mechanism  for  the  circulation  of  the  liquor  through  the  goods. 
The  boiling  is  usually  conducted  under  pressure  (from  10  to  80  lbs.)  for 
from  six  to  eight  hours.  It  was  formerly  the  custom  to  give  a  first  boiling 
with  milk  of  lime  (lime  boil).  The  goods  were  passed  through  a  solution 
of  milk  of  lime  and  without  squeezing  were  packed  into  the  kier;  sufficient 
water  was  next  introduced  and  the  kier  boiled  with  superheated  steam. 
The  lime  boil  was  considered  necessary  to  decompose  the  fatty  matters 
in  the  cotton  with  the  formation  of  a  lime  soap,  and  also  to  convert  the 
starch  (or  other  dressing  materials  on  the  cloth)  into  a  soluble  form. 
Of  late  years,  however,  the  lime  boil  is  being  dispensed  with  as  a  preliminary 
operation,  and  the  boiling  out  is  done  in  one  operation  with  caustic  soda. 
When  the  lime  boil  is  used  it  is  necessary  to  give  a  thorough  washing  to 
the  goods  and  then  to  pass  them  through  a  weak  bath  of  sulphuric  acid 
(1°  Tw.)  knowTi  as  the  gray  sour.  This  is  for  the  purpose  of  dissolving  out 
the  lime  compound  in  the  fiber  as  well  as  any  iron  stains  which  may 
have  formed  in  the  kier.  After  the  acid  treatment  another  thorough 
washing  process  is  required.  After  the  gray  sour  the  goods  are  given  a 
second  boiling  in  the  kier  with  caustic  soda;  generally  mixtures  of  caustic 
soda,  soda  ash,  and  rosin  soap  are  employed,  and  from  two  to  three  boilings 
are  given.  These  boilings  remove  all  of  the  waxy  and  fatty  matters 
and  most  of  the  pectin  compounds  in  the  fiber.  The  use  of  rosin  was  once 
considered  essential  to  the  perfect  scouring  of  cotton  for  purposes  of 
print  cloth.  At  the  present  time,  however,  the  tendency  is  to  omit  the 
the  rosin  boil;  in  fact,  the  boiling  out  is  reduced  to  the  single  operation 
of  treating  in  the  kier  with  caustic  soda  solution. 

Washing,  After  the  boiling  out,  in  whatever  manner  it  may  be  con- 
ducted, the  goods  are  very  thoroughly  washed  in  order  to  remove  as  far 
as  possible  all  of  the  decomposed  impurities  and  residual  alkali.  The 
washing  is  conducted  in  special  forms  of  washing  machines  and  well 
flushed  with  fresh  water. 

Chemicking.  This  is  the  general  term  given  to  the  treatment  with 
the  solution  of  bleaching  powder.  The  strength  of  the  solution  employed 
is  usually  1^  to  2°  Tw.,  and  the  liquor  should  be  clear   and   free  from 


746  INDUSTRIAL  CHEMISTRY 

undissolved  particles  or  sediment.  The  damp  cloth  is  saturated  with  this 
chemic  solution,  passe<l  through  squeeze  rolls,  and  then  piled  up  and  left 
exposed  to  the  air  for  some  hours.  This  allows  the  carbonic  acid  of  the 
air  to  react  with  the  bleach  liquor  with  the  formation  of  free  hypochlorous 
acid  which  destroys  the  coloring  matter  present  through  its  strong  oxidiz- 
ing action.  Care  must  be  had  not  to  allow  the  oxidizing  action  to  proceed 
too  far  or  the  cotton  fil)er  itself  will  be  attacked  and  weakened  by  the 
formation  of  oxycellulose.  In  some  methods  of  bleaching,  instead  of 
exposing  the  cloth  to  the  action  of  the  air,  it  is  steeped  in  the  solution  of 
bleaching  powder  for  some  hours,  or  the  cloth  is  packed  in  suitable  kiers 
and  the  chemic  solution  is  circulated  through  it  by  means  of  pumps. 

Sourijig,  After  treatment  with  the  chemic  solution  the  cloth  contains 
a  considerable  amount  of  lime  compounds  and  undecomposed  chlorine 
derivatives.  The  souring,  or  treatment  with  a  dilute  solution  of  sulphuric 
acid  l°Tw.,  is  for  the  purpose  of  removing  or  decomposing  these  com- 
pounds. The  cotton  also  becomes  much  whiter  in  color  after  the  treat- 
ment with  acid,  hence  this  process  is  known  as  the  white  sour  (in 
contradistinction  to  the  gray  sour  when  a  lime  boil  is  used).  Instead 
of  using  sulphuric  acid  for  souring,  hydrochloric  acid  is  sometimes 
employed,  as  the  lime  salt  with  this  latter  acid  is  much  more  soluble; 
hence  much  easier  to  remove  from  the  fiber.  After  souring  a  very  thorough 
washing  must  be  given  the  cloth  in  order  to  remove  all  salts  and  acid 
residue. 

Finishing.  The  final  operation  in  bleaching  cotton  cloth  is  to  give 
it  a  finish  suitable  to  the  use  for  which  it  may  be  intended.  In  the  case 
of  a  market  bleach,  the  cloth  must  be  tinted  to  a  proper  tone  of  bluish 
white  and  also  be  starched  and  calendered  to  give  it  a  smooth  and  polished 
surface.  Cloth  intended  for  dyeing,  of  course,  is  not  tinted,  and  recei^Ts 
its  special  finish  after  it  is  dyed.  Print  cloth  is  also  not  tinted,  and  it 
is  finished  in  the  printing  operation. 

Of  late  years  a  number  of  bleaching  processes  have  been  brought 
forward  with  the  object  of  making  the  process  shorter  and  more  automatic. 
Special  forms  of  kiers  have  been  devised  where  the  cloth  is  treated  to  all 
the  operations  with  a  minimum  degree  of  handling.  One  such  method 
which  is  being  largely  used  is  the  so-called  Mather-Thomson  Process 
which  uses  an  improved  form  of  apparatus.  In  place  of  using  solution- 
of  chloride  of  lime,  the  chemic  is  sometimes  prepared  by  the  electrolysis 
of  a  solution  of  common  salt.  This  furnishes  a  hypochlorite  of  sodium, 
but  the  bleaching  efficiency  is  said  to  be  much  greater  than  a  correspond- 
ing amount  of  bleaching  powder  solution.  A  similar  solution  can  be 
prepared  more  economically  and  satisfactorily  by  the  use  of  liquid  chlorine. 
This  product  is  employed  in  connection  with  soda  ash. 

Linen.  This  is  next  to  cotton  in  importance  as  a  vegetable  textile 
fiber.  It  is  obtained  from  the  bast  of  the  flax  plant,  Linum  usitattssimum, 
and  differs  considerably  from  cotton  in  its  structure  and  appearance. 
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The  flax  plant  is  grown  largely  for  its  fiber  in  Europe;  Ireland  and  Russia 
being  the  chief  producers.  Though  also  grown  extensively  in  other  parts 
of  the  world,  it  is  cultivated  principally  for  its  seed,  which  ultimately 
furnishes  linseed  oil.  In  preparing  the  fiber  the  entire  plant  is  taken  and 
put  through  a  rippling  machine  for  the  purpose  of  removing  the  leaves, 
seeds,  etc.  The  cleaned  stalks  are  then  subjected  to  a  process  known  as 
retting  for  the  purpose  of  decomposing  the  woody  tissue  and  dissolving 
the  resinous  and  gummy  matters  so  that  the  free  fiber  may  be  obtained. 
Retting  is  essentially  a  fermentation  process,  and  a  number  of  different 
methods  are  employed.  The  two  chief  methods  are:  (1)  steeping  in  stag- 
nant water.  The  flax  straw  is  tied  into  convenient  bundles  and  laid  down 
in  pools  of  soft  water.  Fermentation  rapidly  sets  in,  and  when  the  woody 
tissue  has  been  decomposed,  but  before  the  fiber  itself  is  attacked,  the 
bundles  are  removed  and  spread  out  on  the  grass  for  a  number  of  days, 
where  they  may  be  exposed  to  the  combined  action  of  sunlight  and  air. 
The  pulpy  stalks  are  then  passed  through  special  breaking  and  scutching 
machines  for  the  purpose  of  breaking  up  and  removing  the  decomposed 
matters  and  leaving  the  fiber  free  and  clean.  Flax  produced  in  this  manner 
has  a  rather  dark  grayish-brown  color,  as  the  coloring  matters  formed 
during  the  retting  process  are  not  removed.  The  majority  of  the  Irish 
flax  and  some  of  the  Russian  flax  is  retted  in  this  manner.  (2)  Steeping 
in  fresh  running  water  (in  streams)  is  another  method  of  retting  by  which 
most  of  the  French  and  Belgium  flax  is  made.  The  bundles  of  flax  straw 
are  submerged  in  the  streams  by  means  of  crates.  The  fermentation 
proceeds  more  slowly  than  by  the  first  method,  but  the  coloring  matters 
are  removed  by  the  running  water,  so  the  final  product  is  much  lighter  in 
color,  and  the  fiber  is  of  a  superior  quality.  Flax  may  also  be  retted  by 
exposing  the  stalks  for  a  niunber  of  weeks  to  the  action  of  dew.  There 
have  also  been  a  number  of  "  improved  "  chemical  methods  proposed  for 
the  retting  of  flax,  chiefly  with  the  purpose  of 
hastening  the  fermentation  and  obtaining  a 
brighter  and  clearer  fiber. 

The  linen  fiber  as  it  appears  in  trade  is  in  the 
form  of  long,  rather  coarse,  filaments  of  a  silver  or 
brownish  color.  These  fibers  consist  of  a  number 
of  comparatively  small  elongated  cells  cemented 
together  by  a  glutinous  intercellular  substance. 
The  individual  fiber  cells  are  about  1  to  2  ins. 
in  length  and  from  12  to  25  ji  Mn  diameter.  The  pjQ  326.— Linen  Fiber, 
fiber  is  cylindrical  with  thick  cell-walls  and  a 

narrow  internal  canal.     Under  the  microscope  the  fiber  shows  the  presence 
of  peculiar  cross-marks  resembling  joints  or  dislocations  (see  Fig.  326). 

In  its  chemical  properties  linen  is  very  similar  to  cotton,  but  its  cellulose 

*The  expression  [l  indicates  the  thousandth  of  a  millimeter  (0.001  mm.).    It  is  a 
unit  extensively  employed  for  microscopic  measurements. 
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is  less  pure  owing  to  the  intercellular  substances  present.     The  following 
is  an  average  analysis  showing  the  composition  of  linen : 

Water 8.65-10. TO^c 

Aqueous  extract 3.65-  6.02 

Fatty  and  waxy  matters 2 . 39-  2. 37 

Intercellular  matters 2.74-  9.41 

Cellulose 82.57-71 .50 

Ash  (mineral  matter) 0.70-  1.32 

Linen  is  bleached  in  the  same  general  manner  as  cotton,  but  as  the 
fibers  are  more  or  less  disintegrated  into  the  indi\ddual  cells  by  the  bleach- 
ing process,  fully  bleached  linen  Ls  much  weaker  than  raw  linen.  On 
this  account,  linen  is  generally  only  partially  bleached.  In  its  general 
characteristics  linen  is  stronger  than  cotton  but  less  elastic;  it  is  a  better 
conductor  of  heat,  hence  linen  garments  are  colder  than  those  of  cotton. 
Linen  also  has  a  higher  degree  of  luster  than  cotton. 

Jute.  This  fiber  is  \\dthout  doubt  next  in  commercial  and  technical 
importance  to  linen.  It  is  also  a  bast  fiber  obtained  from  the  stalks  of 
Carchorxis  capsidariSy  or  Jew's  mallow,  growing  in  tropical  and  sul>- 
tropical  countries.  The  majority  of  the  jute  of  commerce  comes  from 
India  and  the  East  Indian  Islands.  The  fiber  is  prepared  from  the  stalks 
by  a  simple  retting  in  water,  the  fil>er  separating  rather  readily  from  the 
other  tissues.  As  it  appears  in  trade  the  fiber  is  from  4  to  7  ft.  in  length, 
usually  of  a  yellowish  brown  color,  though  some  qualities  are  of  a  silver- 
gray  color.  It  has  considerable  luster  and  a  high  tensile  strength.  The 
cell-elements  of  the  jute  fiber  are  rather  small,  being  about  1.5  to  5  mm.  in 
length  and  20  to  25  ;jl  in  diameter.  The  fiber  is  composed  of  a  rather  largi* 
numlx?r  of  these  cell-elements  cemented  together.  A  cross-section  of  thv 
fiber  shows  these  cells  to  have  a  polygonal  outline.  The  micrascopic 
appearance  of  the  jute  fiber  differs  from  that  of  linen  in  not  exhibiting  the 
peculiar  jointed  ridges  running  across  the  fiber. 

In  its  chemical  composition  and  properties,  jute  differs  essentially 
from  the  other  vegetable  fibers.  Instead  of  being  composed  of  relatively 
pure  cellulose  it  appears  to  consist  almost  altogether  of  a  modified  fomi 
of  cellulose  known  as  ligno-cellulose  or  bastose.  This  is  shown  by  the 
fact  that  the  jute  filler  gives  a  yellow  coloration  when  tested  with  iotlin- 
sulphuric  acid  reagents,  whereas  ordinary  cellulose  gives  a  blue  color. 
Owing  to  its  different  chemical  composition,  jute  behaves  quite  differ- 
ently with  the  various  classes  of  dyestuffs,  as  it  combines  directly  with 
both  acid  and  basic  dyes,  whereas  cotton  and  linen  require  mordants  for 
these  colors. 

The  Minor  Vegetable  Fibers.  There  are  a  number  of  vegetable  fibers 
which  are  largely  used  for  the  manufacture  of  cordage,  mats,  etc.,  and 
which  can  scarcely  be  termed  textile  fibers  in  the  sense  of  being  utilizeii 
for  woven  fabrics.     Hemp  and  sisal  are  the  principal  fibers  used  for  cordage. 
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The  fonner  is  a  general  name  for  a  large  number  of  commercial  fibers  of 
similar  physical  appearance  and  properties,  and  obtained  from  a  num- 
ber of  different  plants.  Sisal  is  a  fiber  obtained  from  the  leaf  tissues  of 
the  agave  and  other  similar  plants.  Ramie  or  China  grass  is  a  bast  fiber 
obtained  from  species  of  the  nettle  plant.  It  is  a  fine  white  and  very 
strong  fiber  which  would  be  very  valuable  commercially  except  for  the 
difficulty  with  which  it  is  obtained  from  the  plant  and  from  the  fact  that 
the  surface  of  the  fiber  is  so  smooth  that  it  lacks  cohesion  in  spinning. 

Artificial  Silk.  This  is  a  fiber  which  is  attaining  considerable  com- 
mercial value.  It  is  a  cellulose  fiber  artificially  prepared  from  suitable 
solutions  of  cellulose  by  forcing  the  liquid  through  fine  orifices  and  coagulat- 
ing the  cellulose  as  it  emerges  in  the  form  of  a  delicate  thread.  There  are 
a  nmnber  of  methods  at  present  used  for  the  production  of  this  fiber,  among 
which  the  following  are  the  most  important:  (1)  Pyrox^din  or  chardonnet 
silk  prepared  from  a  solutipn  of  guncotton  in  a  mixture  of  alcohol  and 
ether;  as  the  thread  is  formed  the  solvent  is  evaporated  and  the  nitrated 
cellulose  becomes  coagulated  into  a  continuous  filament.  This  thread 
is  subsequently  denitrated  by  treatment  with  solutions  of  nitric  acid, 
ferric  chloride,  and  ammonium  phosphate.  (2)  Cupra-ammonium  silk 
is  prepared  from  solutions  of  cellulose  in  the  copper-ammonium  sulphate 
solvent  known  as  Schweitzer's  reagent.  The  thread  is  coagulated  and 
the  metallic  salts  removed  by  a  treatment  with  a  solution  of  sulphuric 
acid.  (3)  Viscose  silk  is  prepared  from  a  solution  of  viscose  or  cellulose 
thiocarbonate,  the  thread  being  coagulated  by  passing  through  a  solution 
of  ammonium  sulphate,  and  subsequently  washed  very  thoroughly  to 
remove  the  sulphur  compounds  that  are  formed  in  the  decomposition 
of  the  viscose.  These  artificial  silks  resemble  true  silk  very  closely  in 
general  appearance,  possessing  even  a  higher  luster  than  the  latter.  The 
filler,  however,  is  more  wiry  and  harsh  in  nature,  and  its  strength  and 
durability  is  considerably  below  that  of  true  silk.  The  strength  of  arti- 
ficial silk  is  also  greatly  lessened  when  wetted  with  water.  This  filler, 
however,  has  a  large  use  in  the  manufacture  of  braids,  dress  trimmings, 
passementerie,  and  ornamental  fabrics  of  various  kinds  where  a  high  luster 
is  especially  desirable.    Artificial  silk  is  dyed  in  the  same  manner  as  cotton. 
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Textile  Coloring.  Textile  coloring  may  be  defined  as  the  process 
or  combination  of  processes  used  to  fix  a  color  or  colors  uniformly,  and  more 
or  less  pennanently,  upon  textile  material.  It  includes  both  dyeing  and 
printing. 

Dyeing.  The  term  dyeing  is  sometimes  given  almost  as  broad  an 
interpretation  as  textile  coloring,  but  to  be  specific,  it  should  include  only 
those  processes  in  which  the  entire  body  of  the  material  being  colored,  i< 
inrunersed  in  the  coloring  bath,  a  greater  or  less  period  of  the  time 
required  for  the  coloring. 

Textile  Printing.  Textile  printing  is  a  process  by  means  of  which 
the  coloring  matters  applied  may  be  confined,  by  use  of  a  printing  machine, 
to  certain  portions  of  the  material,  thus  producing  a  definite  colore<i 
design.  The  necessary  dyestuffs  and  chemicals  are  made  into  a  pai^te, 
with  starch,  dextrine,  and  various  gums,  and  applied  to  the  cloth  by  means 
of  copper  rollers,  one  for  each  color,  the  cloth  being  finally  subjected  to 
special  aging  and  drying  processes.  By  this  method  it  '8  possible  to 
produce  prints  containing  ten  or  more  different  colors. 

By  combined  dyeing  and  printing  many  different  and  pleasing  effects 
/nay  be  produced. 

Staining.  Staining  is  the  term  often  applied  to  the  process  of  coloring 
such  materials  as  wood,  bone,  and  ivory,  and  the  coloring  matter  in  this 
case  is  ordinarily  applied  with  a  brush. 

The  terms  staining  and  dyeing  are  both  applied  to  the  coloring  of 
leather,  straw,  paper,  and  feathers,  their  respective  use  depending  some- 
what upon  the  process  used,  but  in  most  cases  the  term  dyeing  is  more 
accurate. 

Compounds  Used  by  the  Textile  Colorist.  The  chemical  compounds 
used  by  the  textile  colorist  may  be  divided  into  two  classes: 

(1)  Those  which  possess  no  coloring  power,  but  which  are  instru- 

mental in  the  fixation  or  development  of   coloring  matters 
upon  the  fiber. 

(2)  Those  which  are  true  coloring  matters. 
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First  Class,  Cmnpounds  Instrumental  in  the  Fixation  oj  Coloring 
Matters  upon  the  Fiber,  although  possessing  no  Coloring  Power  Them- 
selves. The  compounds  included  under  this  heading  are  frequently  spoken 
of  as  fixing  agents,  but  when  used  in  this  broad  and  indefinite  sense,  the 
term  frequently  leads  to  confusion  rather  than  to  enlightenment.  In 
order  to  eliminate  this  confusion  as  far  as  possible,  we  will  classify  the 
most  important  compounds  coming  under  this  class  as  follows : 

(1)  Mordants:    (a)  Metallic.     (6)  Xon-metallic.     (c)  Acid. 

(2)  Mordanting  assistants. 

(3)  Chemical  fixing  agents. 

(4)  Mechanical  fixing  agents. 

(5)  Developing  agents. 

(6)  Leveling  agents. 

(7)  Dyeing  assistants. 

Mordants.  Mordants  in  general  may  be  defined  as  substances  capable 
of  uniting  with  certain  dyestuffs  to  form  insoluble  colored  compounds 
which  under  the  proper  conditions  may  be  more  or  less  permanently  fixed 
upon  textile  material.  They  may  be  subdivided  as  metallic,  non-metallic^ 
and  acid  morda?Us. 

Metallic  Mordants.  Metallic  mordants  are  substances,  usually  metallic 
oxides  or  hydroxides  which  are  capable  of  uniting  with  certain  dyestuffs, 
kno^Ti  as  mordant  dyestuffs,  to  form  insoluble  colored  compounds  which 
for  the  most  part  are  known  as  color  lakes. 

N on-meiallic  Mordants.  The  only  non-metallic  mordant  of  impor- 
tance, and  this  of  only  minor  importance,  is  sulphur.  Sulphur  is  sometimes 
used  as  a  mordant  when  applying  certain  basic  colors,  e.g.,  malachite 
green  upon  wool. 

Acid  Mordants.  Tannic  acid  and  various  substances  rich  in  this 
acid,  such  as  sumac,  gall  nuts,  and  various  bark  extracts,  and  less  frequently 
various  fatty  acids,  such  as  oleic  and  stearic  acids,  and  Turkey  red  oil, 
are  the  only  acid  mordants  of  importance.  Of  these  acid  mordants  tannic 
acid  and  its  related  compounds  are  the  only  ones  commonly  used,  and 
these  chiefly  in  the  application  of  the  basic  colors  to  cotton  material. 
The  acid  mordants  are  of  minor  importance  as  compared  with  the  metallic 
mordants. 

Mordanting  Principles.  As  often  applied,  the  term  "  mordant " 
indicates  the  soluble  metallic  salt  used  to  produce  the  mordant,  but  in 
the  proper  sense  the  mordant  is  that  substance,  which  in  direct  combi- 
nation with  the  dyestuffs,  forms  the  color  lake.  In  order  to  avoid  this 
confusion,  we  will  designate  the  compound  used  to  produce  the  mordant 
as  the  mordanting  principle.  Thus  in  one  of  the  most  common  wool 
mordanting  processes  the  soluble  potassium  dichromate  is  the  mordanting 
principle,  and  the  oxide  of  chromium  ultimately  fixed  upon  the  fiber  is 
the  true  mordant. 
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Mordanting  Assistants.  Mordanting  assistants  are  compounds  sucb 
as  tartar,  lactic  acid,  and  sulphuric  acid  used  in  conjunction  with  the 
mordanting  principles  to  bring  about  a  gradual  decomposition  of  the  latter, 
and  assist  in  producing  a  uniform  deposition  of  the  actual  mordant  upon 
and  within  the  textile  material. 

Mordanting  Process.  The  mordanting  process  is  the  operation 
whereby  various  mordants  are  precipitated  and  so  deposited  upon  textile 
material  that  they  may  be  subsequently  united  with  mordant  dyestuffs 
in  situ  to  form  insoluble  color  lakes.  Occasionally,  in  special  cases,  the 
dyestuffs  may  be  applied  at  the  same  time  or  even  previous  to  the  mordant. 

Chemical  Fixing  Agents.  Under  the  heading  of  chemical  fixing  agents 
we  will  include: 

First.  Those  substances  which  are  instrumental  in  the  fixation  of 
various  mordants  upon  textile  material  by  uniting  chemically  with  such 
mordants  and  holding  them  upon  the  fiber  until  the  proper  dyestuffs  may 
be  given  an  opportunity  to  unite  with  them.  Examples:  The  various 
antimony  compounds  used  to  fix  tannic  acid  upon  cotton  fiber.  Various 
tannin  compounds  used  to  hold  iron  upon  the  fiber  as  the  insoluble  tannate 
of  iron  when  the  latter  is  to  act  as  a  mordant  with  logwood  or  other  moniant 
dyestuffs. 

Second,  Those  substances  which  cause  the  actual  precipitation  of 
the  mordant  usually  by  the  double  decomposition  of  the  mordanting 
principle.  Example:  When  cotton  material  saturated  with  nitrate  of 
iron  is  passed  through  a  solution  of  sodium  carbonate,  the  basic  carbonate 
and  oxide  of  iron  is  precipitated  upon  the  fiber,  and  sufficientlj'  fixed 
thereon  to  act  as  a  mordant. 

Mechanical  Fixing  Agents.  These  are  substances  (such  as  albumen) 
capable  of  holding  pigments,  permanently,  upon  the  fiber,  or  certain 
gums  and  starches  capable  of  holding  dyestuffs  and  other  substances  upon 
the  fiber  a  sufficient  length  of  time  to  permit  some  desirable  reaction 
taking  place.     Their  action  is  purely  mechanical. 

Developing  Agents.  The  term,  developing  agents  is  applied  to  organic 
compounds  which  in  combination  with  some  other  organic  compound 
already  deposited  upon  the  fiber  will  develop  a  colored  compound,  or  if 
united  with  a  dyestuff  already  upon  the  fiber  will  form  a  new  coloring 
matter  possessing  a  more  desirable  or  a  faster  color.  Examples:  Beta- 
naphthol  upon  the  fil)er,  when  combined  with  diazotized  para-nitro  aniline 
(developing  agent)  will  proiluce  para  rod.  Primuline,  a  yellow  dyestuff. 
when  diazotized  upon  the  fiber  by  treatment  with  nitrous  acid  and  then 
combined  with  beta-naphthol  (developing  agent)  produces  a  verj'-  bright 
red  coloring  matter. 

Leveling  Agents.  Leveling  agents  are  compounds  added  to  the  dye- 
bath  in  conjunction  with  certain  dyestuffs  to  assist  in  bringing  about  the 
level  or  even  deposition  of  the  latter.  Example:  Glauber's  salt  used 
in  conjunction  with  the  direct  cotton  colors. 
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Dyeing  Assistants.  Dyeing  assistants  are  compounds  which  added 
to  the  dye-bath,  facilitate  the  dyeing  process  and  are  beneficial  in  one 
way  or  another.  Examples:  Sulphuric  acid  and  Glauber's  salt  in  the 
dyeing  of  acid  colors. 

Application  of  Metallic  Mordants.  True  mordant  dyestuflfs  can 
only  be  applied  in  conjunction  with  metallic  mordants.  The  mor- 
danting process  is  therefore  of  great  importance,  the  mordant  play- 
ing almost  as  necessary  a  part  in  the  application  of  a  mordant 
color  as  does  the  dyestuflf  itself.  Of  all  the  metals,  only  a  few, 
namely  chromium,  iron,  aluminium,  copper  and  tin  unite  with  mordant 
dyestuffs  to  form  valuable  color  lakes.  On  account  of  its  general 
applicabiUty  chromium  is  most  frequently  used.  Iron  and  copper  produce 
the  most  permanent,  while  aluminium  and  tin  produce  the  brightest 
color  lakes. 

Mordanting  of  Wool.  Wool  has  a  natural  affinity  for  certain  com- 
pounds and  this  facilitates  the  mordanting  process  to  a  marked  degree. 
When  in  dilute  solution  mordanting  principles,  often  in  a  highly  disso- 
ciated condition,  are  aided  in  their  decomposition  by  this  natural  attrac- 
tion of  wool  fiber,  and  as  a  result  various  metallic  compounds  (usually 
oxides  or  hydroxides)  are  slowly  deposited  upon  the  fiber.  This  process 
takes  place  most  completely  in  a  boiling  bath  and  in  the  presence  of  some 
secondary  soluble  compound  which  has  already  been  described  as  a 
mordanting  assistant. 

Chromium  compounds  are  depended  upon,  almost  entirely,  in  apply- 
ing mordant  dyestuffs  upon  wool,  and  potassium  dichromate  is  the  most 
important  mordanting  principle  for  this  purpose.  The  process  most 
frequently  used  consists  in  boiling  the  wool  material  in  a  dilute  solution 
of  potassium  dichromate  in  the  presence  of  either  tartar  or  lactic  acid 
the  latter  acting  as  mordanting  principles.  The  boiling  should  be  con- 
tinued for  about  one  to  one  and  one-half  hours  in  order  to  secure  the 
most  complete  decomposition  of  the  mordanting  principle,  and  fixation 
of  the  mordant  upon  the  fiber. 

Mordanting  of  Silk.  Silk,  like  wool,  possesses  a  marked  affinity  for 
metallic  oxides  and  hydroxides,  and  for  this  reason  may  be  readily  mor- 
danted. The  process  consists  in  steeping  the  silk  in  a  concentrated  solu- 
tion of  the  proper  mordanting  principle,  such  as  the  sulphate,  chloride 
or  acetate  of  iron,  chromium,  aluminimn  or  tin,  usually  in  a  slightly  basic 
condition,  and  then  thoroughly  washing  with  a  large  volume  of  water. 
This  process  may  be  repeated  several  times  depending  upon  the  depth 
of  color  to  be  obtained  upon  dyeing. 

Mordanting  of  Cotton.  The  mordanting  of  cotton  is  more  difficult 
than  that  of  either  wool  or  silk  owing  to  the  entire  lack  of  natural  attrac- 
tion of  cotton  for  metallic  salts  and  oxides.  The  methods  of  cotton 
mordanting  are  numerous,  but  may  be  grouped  under  four  general 
headings: 
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(1)  Combined  padding,  aging,  and  dunging  process. 

(2)  Combined  printing,  aging,  and  dunging  process. 

(3)  Direct  chemical  precipitation  upon  the  fiber. 

(4)  Steam  printing. 

In  the  first  method,  the  cloth  is  evenly  saturated  (padded)  with  a 
solution  of  some  mordanting  principle,  usually  an  acetate  of  chronxiuii., 
iron,  or  aluminium.  It  is  then  subjected  to  a  hot  moist  atmosphere  for 
a  number  of  hours  (aging)  which  brings  about  a  slow  decomposition  of 
the  acetate  with  fixation  of  metallic  oxide  upon  the  fiber,  and  liberation 
of  acetic  acid.  The  fixation  of  the  mordant,  and  neutralization  of  the 
free  acid  present  is  brought  about  by  the  dimging  process  which  consists 
in  thoroughly  treating  the  aged  material  in  a  bath  made  up  with  such 
substances  as  phosphates,  silicates,  and  carbonates  of  potassium,  sodium, 
ammonium,  and  calcium.  Sodium  arsenate  is  a  valuable  fixing  agent 
for  this  purpose  but  its  use  has  been  largely  discontinued  owing  to  the 
poisonous  nature  of  the  arsenic. 

The  second  method  differs  from  the  first  only  in  that  the  mordanting 
principle  is  printed  upon  the  fabric  rather  than  padded. 

The  third  method  consists  in  the  direct  chemical  precipitation  of  the 
mordant  upon  the  filler.  In  this  method  the  material  is  first  padded  with 
the  mordanting  principle  and  then  passed  through  a  bath  containing  the 
precipitant. 

In  steam  printing  the  mordanting  principle  and  mordant  dyestuff 
are  mixed  together  with  the  proper  thickening  agents  and  then  printed 
upon  the  cloth.  Upon  steaming,  the  mordanting  principle  decompose?? 
and  forms  the  mordant  which  unites  with  the  coloring  matter  in  situ. 

Second  Class.  Coloring  Matters  and  Dyestuffs.  In  general,  a  color- 
ing matter  is  a  substance  which  if  properly  used  will  impart  a  characterLsiic 
color  to  some  other  substance.  By  common  usage  the  term  dyestuff 
is  almost  synon>Tnous  with  that  of  coloring  matter,  particularly  as  applied 
to  textile  material. 

Classification  of  the  Dyestuffs.  The  earliest  classification  of  dye^ 
stuffs  was  made  by  Bancroft  who  divided  them  into  two  classes  sub- 
stantive and  adjective.  He  designated  as  substantive  dyestuffs  those 
capable  of  producing  a  fully  developed  color  upon  textile  material  without 
the  necessary  assistance  of  any  other  combining  substance,  and  as  adjective 
dyestuffs  those  requiring  an  intermediate  combining  substance  (called 
a  mordant)  to  satisfactorily  fix  and  fully  develop  the  color.  This  group- 
ing is  still  in  use,  but  during  recent  years,  the  •tendency  has  been  to  use 
the  term,  direct  color  instead  of  substantive,  and  mordant  color  instead  of 
adjective.  In  general  the  classification  holds  true;  but  there  are  instance:? 
where  dyestuffs  are  substantive  toward  one  fiber,  but  adjective  towanl 
another.  This  is  well  illustrated  by  the  basic  colors  which  will  dye  wool 
directly  but  require  a  mordant  upon  cotton. 
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The  classification  which  divides  the  dyestuffs  according  to  their  origin  is 
of  broader  application.     It  recognizes  three  groups  and  is  as  follows: 

(1)  Natural     Organic     Dyestuffs.       Including  (a)    Vegetable;    (6) 

Animal, 

(2)  Mineral  Dyestuffs. 

(3)  Artificial  Organic  Dyestuffs. 

Though  the  various  subdivisions  of  this  classification,  particularly 
of  the  artificial  organic  dyestuffs,  are  numerous  and  varied  in  the  char- 
acter of  the  dyestuffs  they  include,  this  general  classification  has  the 
advantage  of  conciseness,  and  one  class  does  not  overlap  another. 

The  natural  organic  dyestuffs  include  such  coloring  matters  as  log- 
wood, indigo,  fustic,  cutch,  and  cochineal. 

The  mineral  coloring  matters  include  Prussian  blue,  chrome  yellow, 
iron  buff  and  a  number  of  other  inorganic  pigments. 

The  artificial  organic  dyestuffs  are  the  most  important  and  this  class 
may  be  divided  into  twenty  or  more  important  sub-classes.  They  include 
all  of  the  so-called  coal-tar  dyes,  such  as  magenta,  benzo-purpurine,  acid 
violet,  tartrazine,  and  the  alizarines. 

Natural  Organic  Dyestuffs.  For  convenience  we  shall  subdivide  the 
natural  organic  dyestuffs  as  follows: 

(1)  Indigo  and  related  compounds. 

(2)  Logwood. 

(3)  Natural  dyestuffs  producing  shades  of  a  red  character. 

(4)  Natural  dyestuffs  producing  shades  of  a  yellow  to  brown 

character. 

Indigo.  Indigo  blue  or  indigotin  occurs  in  many  plants,  chiefly  those 
of  the  genus  Indigofera,  the  Indigofera  tinctoria  yielding  the  largest  quan- 
tity. The  Indigofera  thrive  only  in  tropical  climates,  and  for  several 
hundred  years  the  cultivation  of  the  indigo  plant  was  one  of  the  chief 
industries  of  Southern  Asia,  particularly  India  and  Java.  The  introduc- 
tion of  the  artificial  indigo  however  has  dealt  a  severe  blow  to  the  natural 
indigo  industry,  particularly  during  the  past  five  years,  and  the  synthetic 
indigo  now  seems  likely  to  entirely  replace  the  older  vegetable  product. 

The  indigo  plant  is  herbaceous  in  character,  grows  3  or  4  ft.  high,  and 
with  a  stem  about  J  in.  in  diameter. 

Indigo  blue,  or  indigotin  as  it  is  known  chemically,  does  not  exist  as 
such  in  the  plant,  but  is  developed  through  the  indirect  decomposition 
of  a  glucoside  known  as  indican.  When  the  leaves  and  stems  are  steeped 
in  water  and  allowed  to  ferment,  a  clear  yellow  liquid  results  which  con- 
tains the  indigo  as  the  soluble  indigo  white.  When  this  liquor  is  violently 
agitated,  so  as  to  expose  all  parts  to  the  action  of  the  oxygen  of  the  air, 
the  soluble  indigo  white  is  converted  into  the  insoluble  indigo  blue.     This 
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is  allowed  to  settle,  pressed  into  cakes,  and  when  dry  Is  ready  for  the 
market. 

Chemistry  of  Indigo  Dyeing.  Indigo  differs  from  the  majority  of 
dyestuffs  in  that  it  is  insoluble  in  all  of  the  reagents  which  the  dyer  can 
employ  practically,  but  nature  has  fortunately  given  it  a  property  which 
renders  its  application  comparatively  simple.  When  reduced  in  an  alkaline 
bath,  it  is  easily  converted  into  the  soluble  indigo  white  as  follows: 

C10H10N2O2+2H  =  C16H12N2O2. 

Indigo  blue  Indigo  white 

Upon  even  the  milcU»st  oxidation,  indigo  white  passes  back  to  indigo 
blue  as  follows: 

C1CH12N2O2+O  =  C1GH10N2O2+H2O. 

Indigo  white  Indigo  blue 

Indigo  white  l^eing  readily  soluble  in  alkaline  water  solution,  an«l 
this  solution  being  easily  absorbed  by  both  animal  and  vegetable  filx^rs. 
the  process  of  application  becomes  comparatively  simple.  Upon  exposun^ 
of  the  saturated  fiber  to  the  air,  the  indigo  white  is  oxidized  almost  imnu'- 
diately  to  the  insoluble  indigo  blue,  which  is  rapidly  precipitated  upon 
and  within  the  pores  of  the  fiber  to  as  great  a  depth  as  the  indigo  whito 
solution  has  penetrated.  The  alkaline  bath  of  indigo  white  is  commonly 
called  an  indigo  vat,  and  this  process  of  coloring  is  usually  spoken  of  as 
vat  dyeing. 

Application  of  Indigo.  Indigo  is  extensively  used  for  the  dyeing; 
of  cotton  and  wool,  but  seldom  for  silk. 

Three  forms  of  indigo  vats  are  chiefly  depended  upon  at  the  present 
time. 

(1)  Fermentation  Vats. 

(2)  Zinc  lime  vats. 

(3)  Hydrosulphite  vats. 

These  vats  all  involve  the  principle  of  reducing  finely  ground  indigo 
to  indigo  white,  and  differ  only  in  the  methods  used  to  bring  about  this 
reduction. 

The  fermentation  vat  is  the  oldest,  but  is  still  largely  depended  uix)n 
in  wool  dyeing,  although  never  used  for  cotton  dyeing.  The  reduction 
in  this  case  is  brought  about  by  the  fermentation  of  various  organic  sulv 
stances  such  as  bran,  woad,  molasses,  and  madder  in  an  alkaline  solution. 

The  zinc  lime  vat  has  been  used  largely  for  cotton  dyeing,  but  not  for 
wool  dyeing.  The  reduction  in  this  case  is  brought  about  by  the  action 
of  zinc  powder  upon  water  in  the  presence  of  an  alkali,  that  alkali  being 
calcium  hydroxide.  The  reaction  may  be  represented  by  the  following 
equation. 

Zn+2H20  =  Zn(OH)2+2H. 
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The  hydrosulphite  vat  is  the  most  recent  of  the  indigo  reduction  vats, 
and  has  largely  replaced  the  fermentation  vat  for  wool  dyeing,  and  the 
zinc  lime  vat  for  cotton  dyeing.  In  this  vat  the  reduction  is  brought 
about  by  means  of  a  sodium  hydrosulphite  solution,  which  is  commonly 
prepared  just  before  use  by  the  action  of  zinc  dust  upon  sodium  bisulphite 
solution.    The  reactions  may  be  represented  by  the  following  equations: 

2NaHS03+Zn  =  Na2S204 +Zn(0H)2 
Na2S204+2H20  =  2NaHS03+2H. 

The  application  of  indigo  to  cotton  and  wool  differs  chiefly  in  the  fact 
that  it  is  more  difficult  to  penetrate  wool  than  cotton  with  the  indigo 
white  solution  and  thus  a  longer  period  of  immersion  and  a  somewhat 
higher  temperature  is  required. 

Cotton  requires  an  immersion  of  only  a  minute  at  ordinary  temperature, 
unless  the  material  is  heavy,  while  wool  requires  from  twenty  minutes  to  an 
hour  at  a  temperature  of  120°  F. 

Indigo  Extracts.  These  are  prepared  by  the  action  of  concentrated 
sulphuric  acid  upon  indigo  blue.  The  resulting  compounds  are  the 
indigotin  sulpho  acids,  which  are  freely  soluble  in  water,  and  may  be 
(*a«ily  applied  to  wool  in  an  acid  bath.  They  dye  wool  a  brighter  blue 
than  ordinary  indigo,  but  unfortunately  the  dyeings  produced  are  extremely 
fugitive  to  light,  whereas  vat  indigo  on  wool  produces  one  of  the  faintest 
blues  known.  The  use  of  the  former  is  very  much  restricted  for  this 
reason.     The  indigo  extracts  are  of  no  value  for  cotton  dyeing. 

Logwood.  Logwood  is  the  product  of  a  large  and  rapidly  growing 
tree  known  botanically  as  the  Hasmaioxylin  campechianum.  It  is  a 
native  of  Central  America  and  the  adjacent  islands,  Jamaica  being  one 
of  the  chief  centers  of  the  logwood  industry.  Raw  logwood,  as  the 
name  implies,  comes  in  the  form  of  rough  logs,  which  are  ground  or  rasped 
into  small  chips.  It  may  be  used  in  this  latter  form  after  it  has  been 
properly  aged,  but  during  recent  years  it  has  been  more  frequently  put 
upon  the  market  in  the  more  concentrated  form  of  an  extract. 

Chemistry  of  Logwood  Coloring.  Careful  examination  of  freshly 
cut  logwood  chips  reveals  the  presence  of  a  yellowish-crystalline  compound 
ha\dng  the  empirical  formula  CieHuOe  and  to  which  the  name  hcBmatoxylin 
has  been  assigned. 

When  exposed  to  the  air  haematoxylin,  especially  in  the  presence  of 
an  alkali,  rapidly  oxidizes  to  a  reddish-brown  substance  known  as  hcemalein 
and  having  the  empirical  formula  C10H12O6.  Hsematein  is  the  active 
coloring  matter  of  logwood.  Upon  further  oxidation  it  passes  into  a 
resinous  brown  substance  which  is  of  no  value  for  coloring  purposes. 

Ix)gwood  is  in  every  sense  of  the  word  a  mordant  dyestuff,  a  metallic 
mordant  being  required  to  satisfactorily  fix  the  dyestuff  upon  any  textile 
fiber.     During  the  dyeing  process  the  haematein  of  the  logwood  unites 
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with  the  mordant  to  form  an  insoluble  metallic  organic  compound  or 
color  lake,  which  becomes  fixed  upon  the  fiber. 

The  chief  metals  entering  into  these  color  lakes  are  chromium,  iron, 
aluminium,  and  copper.  Logwood  is  conunonly  classified  as  a  black 
dyestuff,  and  is  used  chiefly  for  the  production  of  blacks,  but  more  strictly 
speaking,  it  is  a  blue  dyestuflF,  for  with  both  aluminium  and  chromium. 
it  produces  blue  dyeings  and  although  with  iron  the  shade  produced 
approaches  black,  it  is  customary  to  add  a  small  amount  of  some  yellow 
dyestuff  to  produce  a  satisfactory  black. 

Aging  of  Logwood.  In  general,  logwood,  when  ready  for  the  dyer. 
should  contain  a  high  percentage  of  hsematein,  but  little  unoxidized 
hematoxylin,  and  none  of  the  resinous  brown  oxidation  product  already 
mentioned. 

In  order  that  this  ideal  condition  may  be  approached  as  nearly  as 
possible,  logwood  must  be  aged. 

Logwood  chips  are  commonly  aged  as  follows; 

After  having  been  made  into  a  large  pile  several  feet  in  depth,  the 
chips  are  well  moistened  with  water,  and  then  worked  over  with  wooden 
shovels,  every  portion  of  the  pile  being  thus  brought  in  contact  with  the 
air.  This  is  continued  for  a  period  of  from  three  or  four  days  to  two 
weeks,  depending  largely  upon  atmospheric  conditions.  After  some 
experience  one  can  tell,  from  the  appearance  of  the  chips  when  the  right 
stage  of  oxidation  is  reached.  The  chips  are  then  stored  in  such  a  way 
as  to  be  exposed  as  little  as  possible  to  the  oxidizing  influence  of  the  air. 

When  aged  logwood  is  known  to  contain  much  hsematoxylin,  and 
consequently  incompletely  aged,  the  aging  may  be  continued  to  a  certain 
extent  during  the  dyeing  process  by  adding  some  oxidizmg  agent  or  using 
an  oqidizing  mordant,  e.g.,  chromium  in  the  CrOs  form. 

Logwood  Liquor.  Logwood  liquo  is  a  decoction  of  'ogwood  made 
by  extracting  aged  logwood  chips  with  water.  It  usually  has  a  strength 
of  15°  Tw.  (Sp.gr.  1.075)  and  as  it  does  not  keep  well  is  only  made  as 
required  for  use. 

Logwood  Extracts.  At  the  present  time,  logwood  is  most  frequently 
put  upon  the  market  in  the  extract  form.  Logwood  extracts  are  made 
by  evaporating  logwood  liquor  in  vacuum  pans  until  it  reaches  a  sp.gr. 
of  1.25  or  50°  Tw.,  or  it  may  be  carried  to  dryness  to  produce  the  solid 
extracts. 

These  solid  extracts  are  prepared  by  patented  processes.  They  var>' 
somewhat  in  strength  and  chemical  character,  and  are  frequently  designated 
as  hcematine  crystals. 

Application  of  Logwood.  Logwood  is  still  used  in  woo\  dyeing  on 
account  of  its  cheapness,  and  because  the  characteristic  bloomy  blue 
black  which  it  gives  is  difficult  to  produce  at  as  low  a  cost  with  coal-tar 
coloring  matters.  In  wool  dyeing,  logwood  is  chiefly  used  in  conjunction 
with  a  chromium  mordant,  a  small  amount  of  some  yellow  d^^estuff. 
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frequently  fustic,  being  combined  with  it,  tO  overcome  the  pronounced 
bluish  cast  which  would  otherwise  result. 

One  dip  logwood  blacks  are  prepared  by  using  in  conjunction  with 
logwood  some  mordanting  principle,  and  a  sufficient  quantity  of  an  acid, 
usually  oxalic,  to  prevent  too  rapid  precipitation  of  the  color  lake.  A 
mixture  frequent  y  used  for  this  purpose  consists  of  logwood  extract, 
ferrous  sulphate,  copper  sulphate,  and  oxalic  acid. 

The  use  of  logwood  upon  cotton  has  greatly  diminished  during  recent 
years  logwood  blacks  having  been  largely  replaced  by  aniline  black,  sulphur 
blacks,  and  certain  direct  cotton  blacks.  When  used  upon  cotton  it  is 
most  frequently  applied  in  conjunction  with  an  iron  mordant  either 
a^one  or  in  combination  with  a  copper  mordant. 

IjO^wood  is  extensively  used  for  the  production  of  blacks  upon  silk. 
Iron  mordants  are  depended  upon  almost  entirely  for  this  purpose  and 
tin  mordants  occasionally.  The  process  usually  consists  in  alternately 
treating  the  silk  with  some  tannin  material,  and  an  iron  or  a  tin  compound 
until  the  silk  is  thoroughly  filled  with  the  metallic  tannate.  The  silk 
thus  mordanted  is  then  dyed  in  a  logwood  bath.  By  using  tin  compounds 
in  conjunction  with  acetate  of  iron  it  is  possible  to  weight  bla  k  dyed  silk 
as  much  as  300  per  cent  of  its  original  weight. 

Soluble  Red  Woods.  Brazil  wood,  peach  wood,  Japan  wood,  and  Lima 
wood  are  the  principal  soluble  red  woods.  They  are  all  mordant  colors, 
and  may  be  applied  to  mordanted  cotton  or  wool  by  boiling  in  a  plain 
bath  of  the  extracted  color. 

Insoluble  Red  Woods.  These  include  barwood,  Saunders  wood,  and 
camwood.  On  account  of  the  insolubility  of  the  coloring  matters  which 
they  contain,  the  ground  or  rasped  chips  of  wood  must  be  added  directly 
to  the  dye  bath.  They  are  all  mordant  colors.  The  red  woods  have 
been  replaced  by  coal  tar  colors  which  give  more  permanent  and  clearer 
dyeings  at  a  lower  cost. 

Madder.  Madder  root,  which  was  known  to  the  ancients,  was  for 
many  Ifundreds  of  years  the  most  important  of  the  red  natural  coloring 
matters  and  was  used  chiefly  in  conjunction  with  Turkey  reds.  The 
active  coloring  principle  of  madder  is  alizarine  C14H8O2,  and  the  discovery 
in  1868  by  Graebe  and  Liebermann  that  alizarine  could  be  cheaply  made 
from  coal  tar  derivatives,  soon  led  to  the  abandonment  of  madder  as  a 
coloring  matter  except  in  the  Oriental  countries  where  it  is  native. 

Cochineal.  Cochineal  is  a  red  mordant  coloring  matter  obtained 
from  the  dried  body  of  an  insect,  which  is  native  of  Mexico  and  Central 
America.  In  the  past  cochineal  was  extensively  used  for  the  production 
of  scarlets  and  crimsons  on  wool  in  conjunction  with  tin  and  aluminium 
mordants.  Like  most  of  the  other  natural  colors,  cochineal  has  been 
superseded  by  the  artificial  dyestuflfs. 

Other  red  natural  dyestuffs  worthy  of  mention  are  kermes,  and  lac 
dye,  which  are  similar  to  cochineal  in  origin,  though  of  less  importance; 
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also  orchil  and  cudbear  bluish  red  coloring  matters  which  like  litmus  are 
derived  from  certain  rock  mosses  or  lichens. 

Natural  Dyestuffs  of  a  Yellow  to  Brown  Color.  The  yellair  naUtral 
dyestuffs  include  a  number  of  vegetable  dyestuffs  which  vary  l)etwtH'n 
yellow  and  brown.  Fustic,  quercitron  bark,  Persian  l>errios,  turmeric, 
weld,  and  cutch  are  the  most  important. 

Fustic  or  Cuba  Wood.  Fustic  or  Cuba  wood  is  the  most  important 
of  the  yellow  dyewoods  and  is  still  used  to  some  extent  in  wool  dyeiivi 
chiefly  in  combination  with  logwood.  It  is  a  mordant  dyestuff  Ix^iim 
used  with  chromium  and  aluminium  mordants.  It  is  sold  in  the  fonij 
of  ground  wood,  but  more  frequently  as  an  extract. 

Quercitron  Bark.  Quercitron  bark  is  obtained  from  the  bark  of  a 
species  of  oak  which  grows  in  the  Middle  and  Southern  States.  It  is  a 
mordant  color  and  gives  brighter  yellows  than  fustic.  Its  use  is  limited 
at  the  present  time. 

Persian  Berries.  Persian  berries  is  the  name  applied  to  the  l)errifs 
of  the  buck-thorn.  In  the  extract  form  it  is  used  to  a  limited  extent  in 
calico  printing. 

Turmeric.  Tumeric  is  the  ground  root  of  a  plant  w^hich  grows  in  Asia. 
It  dyes  cotton,  wool,  and  silk  bright  shades  of  yellow  which  are  extremely 
fugitive  to  light  and  washing. 

Cutch  or  Gambia.  Cutch  or  gambia,  a  coloring  matter  rich  in  tannin, 
is  extracted  from  the  nuts  and  tender  portions  of  various  forms  of  acacia 
trees  growing  chiefly  in  India.  It  is  used  chiefly  for  the  production  oi 
browns  upon  cotton  also  as  a  tannin  material  in  silk  dyeing. 

Mineral  Dyestuffs.  The  mineral  dyestuffs  as  a  class  are  of  minor 
importance  in  the  textile  industry.  Various  mhieral  pigments  are  some- 
times used  in  calico  printing,  but  in  the  actual  dyeing  process  the  only 
mineral  dyes  of  any  importance  are  Prussian  blue,  chrome  yellow,  chrome 
green,  iron  buff,  and  khaki. 

Prussian  Blue.  Prussian  blue  may  be  produced  upon  textile  material 
by  one  of  two  methods.  The  first  consists  of  mordanting  the  material 
with  iron  oxide,  and  then  boiling  in  a  solution  of  potassium  ferrocyanide. 
The  second  method  makes  use  of  the  fact  that  both  the  ferro  and  ferri 
cyanides  of  potassium  decompose  when  boiled  in  an  acid  solution  and  from 
such  a  boiling  solution  Prussian  blue  is  absorbed  by  textile  material. 
The  first  process  is  used  chiefly  with  cotton  while  the  second  is  better 
adapted  to  wool  dyeing. 

Chrome  Yellow.  Chrome  yellow  is  the  yellow  lead  chromate  which 
may  be  precipitated  upon  the  fiber  by  alternate  treatments  with  solutions 
of  some  soluble  lead  salt  and  a  chromate. 

Chrome  Green.  Chrome  green  is  a  basic  oxide  of  chromium  pre- 
cipitated upon  the  fiber  by  the  reaction  of  some  soluble  chromium  salt 
with  an  alkali. 
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Iron  Buff.  Iron  buflf  is  a  ferric  oxide  precipitated  upon  the  fiber  by 
the  reaction  of  some  soluble  iron  salt  with  an  alkali. 

Khaki.  Khaki  is  a  yellowish  drab  color  produced  by  the  precipita- 
tion upon  the  fiber  of  a  combination  of  ferric  oxide  and  basic  chromium 
oxide.     Khaki  when  properly  dyed  produces  an  extremely  fast  color. 

Artificial  Organic  Dyestuffs.  The  natural  dyestufTs  were  depended 
upon  almost  wholly  until  the  discovery  of  mauve  by  Perkin  in  1856.  Mauve 
was  the  first  of  the  so-called  coal-tar  dyes,  or  better  artificial  organic 
dyestuffs.  Its  discovery  was  followed  by  that  of  many  similar  dyestuffs, 
and  a  new  era  soon  began  in  the  textile  coloring  industry.  To-day  several 
hundred  entirely  different  dyestuffs  of  this  class  are  at  the  disposal  of 
the  textile  colorist  and  from  them  we  can  select  dyes  which  will  answer 
almost  every  requirement  of  shade  and  fastness. 

Classification  of  the  Artificial  Organic  Dyestuffs.  The  artificial 
organic  dyestuffs  may  be  classified  according  to  their  chemical  derivation, 
their  composition,  or  in  respect  to  the  characteristic  color  forming  groups 
which  they  contain.  While  these  classifications  prove  very  satisfactory 
for  the  color  manufacturing  chemist,  they  prove  of  little  or  no  value  to  the 
practical  textile  colorist.  Another  classification  which  groups  them 
according  to  their  action  toward  the  various  textile  fibers  is  by  far  the 
most  practical  and  valuable  for  the  student  of  textile  coloring,  and  will 
be  followed.     It  recognizes  ten  classes  of  coloring  matters: 

(1)  Basic  colors. 

(2)  Phthalic  anhydride  colors. 

(3)  Acid  colors. 

(4)  Direct  cotton  colors. 

(5)  Sulphur  colors. 

(6)  Mordant  colors. 

(7)  Mordant  acid  colors. 

(8)  Insoluble  azo  colors.     Produced  directly  upon  the  fiber. 

(9)  Reducible  vat  color j=. 

(10)  Miscellaneous  colors. 

Basic  Colors.  Chemically  the  basic  dyestuffs  belong  to  the  class  of 
compounds  known  as  substituted  ammonias  or  amines.  Like  ammonia 
they  are  basic  in  character  and  hence  the  name. 

The  basic  colors  have  a  direct  affinity  for  wool  and  silk,  but  no  direct 
affinity  for  cotton  and  can  only  be  applied  to  the  latter  fiber  in  conjunc- 
tion \vdth  some  acid  mordant,  usually  tannic  acid. 

Application  of  Basic  Colors  to  Wool.  Although  the  basic  colors  have 
a  direct  affinity  for  wool,  they  are  not  extensively  used  in  wool  dyeing, 
for  in  most  cases  the  acid  colors  are  more  desirable.  When  applied  to 
wool  it  is  customary  to  boil  the  material  in  a  bath  made  up  with  the 
required  quantity  of  dyestuff,  sufficient  acetic  acid  to  render  the  bath 
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distinctly  acid,  and  Glauber's  salt  equal  to  the  per  cent  of  the  weight 
of  material  being  dyed. 

Application  of  Basic  Colors  to  Silk.  The  basic  colors  have  a  direct 
affinity  for  silk,  and  are  extensively  used  for  dyeing  this  fiber  when  bright 
rather  than  fast  colors  are  desired.  The  dye-bath  is  made  up  with  25  per 
cent  "  boiled  off  liquor  "  ^  and  the  remainder  with  water  to  which  is  added 
the  required  quantity  of  dyestuff  and  sufficient  sulphuric,  acetic,  or  tar- 
taric acids  to  render  the  bath  slightly  acid.  The  silk  material  is  enteral 
at  100**  F.,  the  temperature  of  the  bath  then  raised  to  140°  F.,  the  male- 
rial  worked  at  this  temperature  for  a  few  minutes,  and  the  bath  finally 
raised  to  a  boiling  temperature. 

With  dyestuffs  which  go  on  the  fiber  unevenly  it  is  advisable  to  lift 
the  silk  material  from  the  bath  while  the  temperature  is  being  raLsc<i. 

Application  of  the  Basic  Colors  to  Cotton.  Although  the  basic 
colors  have  no  direct  affinity  for  cotton,  it  is  for  the  dyeing  and  printing 
of  this  fiber  that  the  basic  colors  find  their  most  extensive  application. 
Before  dyeing  cotton  material  it  must  first  be  impregnated  with  tannic 
acid,  and  this  fixed  upon  the  fiber  as  an  insoluble  metallic  tannate  usually 
of  antimony.  When  such  a  tannin  mordanted  cotton  material  is  dj'ed 
in  a  bath  containing  a  basic  color,  an  insoluble  combination  of  the  dje- 
stufT,  tannic  acid,  and  antimony  results  which  becomes  fixed  upon  the 
fiber.  In  calico  printing  the  basic  color  and  tannic  acid  are  mixed  together 
in  the  printing  paste  and  chemical  combination  between  the  two  is  brought 
about  by  a  subsequent  steaming  process.  More  thorough  fixation  of 
color  may  be  obtained  by  after-treating  the  printed  and  steamed  cloth 
with  some  soluble  antimony  compound  usually  tartar  emetic. 

Characteristic  Properties  of  the  Basic  Colors.  The  basic  colors  are 
characterized  by  their  great  brilliancy  and  high  coloring  power.  Their 
fastness  to  light  is  by  no  means  satisfactory,  but  their  fastness  to  washing 
in  most  cases  is  very  good. 

The  Phthalic  Anhydride  Colors.  The  phtbalic  anhydride  colors 
are  so  called  because  they  are  directly  related  to  this  compound.  They 
include  the  eosines  and  rhodamines,  and  are  extensively  used  for  the  pro- 
duction of  bright  pinks,  particularly  in  silk  dyeing,  and  less  frequently 
in  wool  dyeing.  They  are  not  used  to  any  great  extent  in  cotton  dyeing, 
although  sometimes  used  in  cotton  printing. 

Application  to  Wool.  The  phthalic  anhydride  colors  are  applied  to 
wool  in  conjunction  with  alum,  potassium  bitartrate,  and  acetic  acid. 

Application  to  Silk.  These  colors  are  applied  similarly  to  basic 
colors. 

Application  to  Cotton.  In  calico  printing  the  phthalic  anhydride 
colors  are  applied  in  a  similar  manner  to  basic  colors,  or  in  conjunction 
with  aluminium  acetate. 

*  Preliminary  to  dyeing  silk  is  subjected  to  the  ''boiling  off"  or  "degumming 
process."    The  liquor  resulting  from  this  operation  is  known  as  ''boiled  off  liquor." 
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Characteristic  Prq>erties.  The  phthalic  anhydride  colors  are  char- 
acterized by  their  remarkable  brilliancy. 

Acid  Colors.  The  acid  colors  are  so  called  on  account  of  their  acid 
character,  and  furthermore  because  they  dye  wool  so  readily  in  an 
acid  bath.  They  are  of  great  importance  in  wool  dyeing,  about  75  per 
cent  of  all  wool  dyeing  being  accomplished  at  the  present  time  by  their 
use.  The  acid  colors  are  also  extensively  used  in  silk  dyeing,  but  are 
of  no  importance  in  cotton  dyeing. 

From  a  chemical  point  of  view  the  acid  colors  may  be  subdivided 
according  to  their  composition  into  three  classes:  (1)  Those  which  are 
nitro  compounds,  i.e.,  those  containing  the  nitro  or  NO2  group.  (2) 
The  sulphonated  basic  colors,  i.e.,  those  made  by  treating  basic  colors 
with  concentrated  sulphuric  acid,  and  thereby  introducing  the  sulphonic 
acid  or  HSO3  group.  (3)  Those  which  are  azo  colors,  i.e.,  those  contain- 
ing the  azo  or  —  N  =  N-^  group.  The  dyestuflfs  of  the  third  group  are 
the  most  numerous  and  most  valuable  of  the  acid  colors. 

Application  to  Wool.  The  acid  dyestuflfs,  almost  without  exception, 
are  absorbed  readily  by  wool  in  an  acid  bath  and  the  dyeing  process  is 
comparatively  simple.  The  dyebath  is  prepared  with  the  required 
quantity  of  dyestuflf,  Glauber's  salt  equal  to  15  per  cent,  and  sulphuric 
acid  equal  to  3  to  5  per  cent  of  the  weight  of  the  material  being  dyed. 
Instead  of  this  mixture  of  Glauber's  salt  and  sulphuric  acid,  a  correspond- 
ing amount  of  sodium  bisulphate  may  be  used.  The  material  is  entered 
at  a  temperature  of  about  140°  F.,  brought  slowly  to  a  boil,  and  dyed  at 
a  boiling  temperature  for  three-quarters  of  an  hour. 

Application  to  Silk.  '  In  silk  dyeing  the  proper  quantity  of  dj'^estuflf 
is  added  to  a  bath,  made  up  with  "  boiled  oflF  liquor,"  and  water  to  which 
has  been  added  sufficient  sulphuric  acid  to  render  the  bath  decidedly  acid. 
The  dyeing  is  begun  at  100  to  125''F.,  and  the  bath  slowly  raised  to  200'' 
F.,  but  no  higher. 

Application  to  Cotton.  The  acid  dyestuflfs  have  no  affinity  for  cotton, 
and  although  occasionally  used  for  special  purposes  they  need  not  be  con- 
sidered in  this  respect. 

Properties  of  Acid  Dyestuffs.  The  number  of  the  acid  dyestuflfs  is 
so  great  and  their  properties  so  varied  that  it  is  difficult  to  describe  definite 
properties  that  will  apply  to  all. 

Most  of  the  acid  colors  are  easily  soluble  in  water,  and,  from  an  acid- 
ified water  solution,  animal  fibers  rapidly,  and  in  many  cases  completely, 
absorb  the  dyestuflf.  The  vegetable  fibers  in  general  have  no  direct 
affinity  for  the  acid  colors,  jute,  however,  as  an  exception,  has  a  slight 
affinity  for  a  few  special  colors. 

Direct  Cotton  Colors.  The  direct  cotton  colors,  as  their  class  name 
indicates,  have  a  direct  affinitj'^  for  cotton.  All  vegetable  fibers  readily 
absorb  the  direct  cotton  colors  from  their  simple  water  solution,  but  for 
practical  results  it  is  advisable  to  make  certain  other  additions  to  the  dye 
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bath.  The  direct  cotton  colors  also  dye  the  animal  fibers  directly  but 
in  most  cases  acid  colors  are  preferred.  The  direct  cotton  colors  having 
a  direct  affinity  for  both  animal  and  vegetable  fibers  find  extensive  applica- 
tion in  the  dyeing  of  union  material  composed  of  cotton  and  wool,  or  cotion 
and  silk. 

Application  to  Cotton.  The  direct  cotton  colors  are  usually  applicti 
to  cotton  material  by  Imiling  for  one  hour  in  a  dye  bath  made  up  with  the 
necessary  quantity  of  color,  and  Glaul)er's  salt  or  common  salt  to  the  extent 
of  10  to  30  per  cent  of  the  weight  of  material  being  dyed.  In  some  cas<^ 
it  is  advisable  to  add  from  1  to  3  per  cent  of  soda  ash,  the  quantity  added 
varying  with  the  depth  of  the  color  to  be  produced.  In  the  dyeing  of 
delicate  tints,  and  with  material  which  is  difficult  to  penetrate,  soap  is 
sometimes  added  to  the  bath,  and  sodium  phosphate  used  instead  of 
Glauber's  and  common  salts.  It  is  always  advisable  to  keep  the  bath 
as  short,  i.e.,  as  concentrated,  as  possible,  when  applying  these  coior^: 
to  cotton.  An  after-treatment  with  copper  sulphate  or  potassium  dichro- 
mate  solution  renders  certain  of  the  direct  cotton  colors  somewhat  faster 
to  light. 

Application  to  Wool.  Wool  may  be  dyed  with  most  of  the  direct  cotton 
colors  in  a  neutral  bath  with  or  without  the  addition  of  Glauber's  salt  or 
common  salt. 

In  some  cases  it  is  advisable  to  add  a  little  acetic  acid,  but  the  addition 
of  too  much  acid  causes  the  dyestuff  to  go  upon  the  fiber  imevenly. 

Application  to  Silk.  The  direct  cotton  colors  are  applied  to  silk  in 
much  the  same  manner  as  to  wool.  The  addition  of  **  boiled  off  liquor  '' 
is  an  advantage. 

Application  to  Cotton  and  Wool  Union  Material.  The  direct  cotton 
colors  having  a  direct  affinity  for  both  cotton  and  wool  are  extensively 
used  in  the  dyeing  of  union  goods.  B3'  the  choice  of  proper  dyestuflfs, 
and  regulation  of  process,  chiefly  through  variation  of  temperature,  almo-^t 
any  color  can  be  produced  upon  such  material  in  one  bath. 

Properties  of  the  Direct  Cotton  Colors.  The  direct  cotton  color- 
vary  greatly  in  fastness.  In  general,  they  are  not  fast  to  washing  when 
applied  to  cotton  although  much  faster  in  this  respect  upon  wool.  JVIauy 
of  the  reds  are  extremely  sensitive  to  acid. 

The  property  known  as  "  bleeding  "  is  one  of  the  valuable  as  well  as 
one  of  the  detrimental  characteristics  of  the  direct  cotton  colors. 

This  property  is  well  illustrated  by  the  following  experiment:  Take 
a  beaker  of  water  and  introduce  into  it  a  skein  of  yarn  dyed  with  a  direct 
cotton  color  and  a  skein  of  undyed  yarn.  Boil  for  an  hour,  when  it 
will  be  found,  in  many  cases,  difficult  to  distinguish  one  skein  from  the  other. 
The  color  has  run  or  **  bled  "  from  the  dyed  skein  and  been  taken  up  by 
the  undyed. 

This  property  is  valuable  since  it  tends  to  produce  very  level  dyeings. 
and  also  to  correct  unevenness.     On  the  other  hand  it  is  detrimental  as 
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it  prevents  the  use  of  the  direct  cotton  colors  for  coloring  of  ginghams  and 
in  calico  printing. 

The  direct  cotton  colors  are,  as  a  rule,  readily  soluble  in  water. 

Sulphur  Colors.  The  sulphur  or  sulphide  colors,  as  they  are  frequently 
called,  are  in  many  respects  similar  to  the  direct  cotton  colors,  but  differ 
so  entirely  in  many  other  respects  that  thej'  are  grouped  by  themselves. 
In  recent  years  they  have  become  an  important  factor  in  cotton  dyeing, 
on  account  of  the  fastness  of  the  dyeings  they  produce,  and  they  are  now 
extensively  used  for  the  production  of  fast  blacks,  blues,  browns,  and  com- 
pound shades  upon  cotton. 

They  are  called  sulphm:  colors  for  three  reasons:  In  the  first  place, 
sulphur  is  a  constituent  of  all  of  the  dyestuffs  of  this  class;  sulphur  and 
sodium  sulphide  are  largely  used  in  their  manufacture;  and  finally,  sodium 
sulphide  is  almost  without  exception  a  necessary  constituent  of  the  dye- 
bath  during  their  application. 

Application  of  the  Sulphur  Colors.  The  sulphur  colors  are  only 
used  in  the  dyeing  of  vegetable  fibers,  the  strongly  alkaline  sodium  sul- 
phide bath  which  must  be  used  to  hold  the  color  in  solution  prohibiting 
their  use  with  animal  fibers.  In  general  they  are  applied  in  a  bath  made 
up  as  follows:  Dyestuff  from  1  to  20  per  cent  of  the  weight  of  the  material, 
sodium  sulphide  one  to  four  times  the  weight  of  dyestuff,  soda  ash  5  to  10 
per  cent,  and  Glauber's  or  common  salt  20  to  50  per  cent  of  the  weight 
of  material  being  dyed.  The  material  to  be  dyed  is  entered  at  or  just 
below  the  boil,  and  dyed  at  this  temperature  for  one  hour.  It  is 
advisable  to  keep  the  textile  material  below  the  surface  of  the  liquor  as 
much  as  possible. 

Properties  of  the  Sulphur  Colors.  The  most  valuable  property 
of  the  sulphur  colors  is  their  fastness  to  light,  washing,  and  acids.  Their 
fastness  to  chlorine  and  bleaching,  however,  is  in  most  cases,  not  good. 

Nearly  all  of  the  sulphur  colors  are  insoluble  in  water,  but  dissolve 
readily  in  a  solution  of  sodium  sulphide.  Copper  vessels  must  not  be 
used  for  their  solution,  as  the  sulphide  present  rapidly  acts  upon  the  copper 
coating  it  with  the  black  copper  sulphide. 

The  shades  produced  by  the  sulphur  coloi's  are  mostly  of  a  dull  char- 
acter, and  blacks,  browns,  dark  l)lues,  dark  greens  and  dull  yellows;  also 
various  compound  shades  of  these,  such  as  drabs,  slates,  olives,  and  grays 
predominate.  Sulphur  yellows  and  greens  as  a  rule  do  not  equal  the 
other  sulphur  colors  in  fastness.  As  yet  no  bright  sulphur  reds  have  been 
prepared. 

Artificial  Mordant  Colors.  The  true  mordant  dyestuffs  included 
under  this  heading  cannot  be  permanently  fixed  upon  cotton,  wool  or  silk, 
except  in  conjunction  with  some  metallic  mordant.  The  nature  of  these 
metallic  mordants  and  the  methods  of  their  formation  upon  textile  mate- 
rial have  already  been  described  (see  page  751).  They  are  usually  fixed 
upon  the  textile  material  as  insoluble  oxides  or  hydroxides  of  chromium. 


aluminium,  and  iron,  and  less  frequently  tin  and  Copper,  Durii^  tbe 
dyeing  process  which  follows  the  mordanting,  the  mordant  dyestuffs, 
which  contain  either  hydroxyl  (OH)  or  carboxyl  (COOH)  groups  in  their 
composition,  react  with  the  mordants  in  much  the  same  manner  as  acid^ 
react  with  bases,  the  result  being  the  formation  of  insoluble  metallic  organic 
compounds  of  a  salt-like  character  which  are  known  as  color  lakes.  Thk 
reaction  taking  place  in  situ  and  the  color  lake  is  thus  fixed  upon  and 
within  the  fiber. 

Application  to  Wool.  The  material  which  has  already  been  mor- 
danted (see  page  752)  is  thoroughly  washed  and  then  dyed  in  a  bath 
made  up  with  the  necessary  quantity  of  dyeatuff,  and  acetic  acid.  The 
latter  is  added  to  counteract  any  hardness  or  alkalinity  of  the  water, 
and  should  be  slightly  in  excess. 

The  dyebath  should  be  at  ordinary  temperature  when  the  material 
is  entered,  but  the  temperature  should  be  slowly  raised  to  a  boil,  and  the 
dyeing  continued  at  a  boiling  temperature  for  one  and  one-half  hours. 
This  prolonged  boiling  is  necessary  in  order  that  complete  chemical  reac- 
tion may  take  place  between  mordant  and  dyestuff. 

Applicaticm  to  Cotton.  Cotton  material  mordanted  by  one  of  the 
methods  already  described  may  be  dyed  by  simply  boiling  in  a  bath 
containing  the  mordant  dyestulT,  but  it  is  more  often  the  case  that 
mordant  dyestuffs  are  applied  to  cotton  in  conjunction  with  some  mor- 
danting principle  by  the  steam  printing  process.     (See  page  750.) 

Application  to  Silk.  The  mordant  dyestuffs  may  be  applied  to  mor- 
danted silk  but  are  seldom  used  for  this  fiber  unless  extreme  fastne** 
to  soap  and  washing  is  desired. 

Properties  of  Mordant  Dyestuffs.  While  most  of  the  artificial  dye- 
stuffs  are  soluble  in  water  and  sold  in  a  powdered  condition  the  mor- 
dant dyestuffs  are  the  exception  being  nearly  all  insoluble  in  water  and 
sold  as  liquid  pastes  which  usually  contain  20  per  cent  of  coloring  matter 
and  80  per  cent  of  water.  Alizarine  is  the  most  important  of  the  mordant 
dyestuffs,  and  many  of  the  other  dyestuffs  of  this  class  are  direct  derivatives 
of  alizarine.  For  this  reason  the  mordant  dyestuffs  as  a  group  are  some- 
times designated  as  the  "  alizarines."  The  mordant  dyestuffs  are  char- 
acterized by  their  great  fastness  both  to  light  and  washing  as  well  as  all 
of  the  common  color  destroying  agencies. 

Mordant  Acid  Colors.  The  dyestuffs  of  the  group  known  as  the 
mordant  acid  colors  are  intermediate  in  general  character  between  the 
acid  dyestuffs  and  the  mordant  dyestuffs.  They  resemble  acid  color* 
in  a  general  way,  dyeing  wool  directly  in  an  acid  bath,  but  at  the  same 
time  resemble  the  mordant  colors,  in  that  they  may  be  applied,  to  advant- 
age, in  conjunction  with  metallic  mordants. 

During  recent  years,  the  number  of  mordant  acid  colors  has  greatly 
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Their  popularity  lies  in  the  ease  with  which  they  ,may  be  applic 
the  fact  that  an  after-treatment  with  some  mordanting  principle  cc 
them  into  color  lakes  possessing  excellent  fastness  to  light,  acids,  v^ 
and  soaping. 

Application  of  Mordant  Acid  Colors.  It  is  only  upon  wool  tli 
mordant  acid  colors  are  useful.  They  are  dyed  in  the  same  man 
acid  colors,  but  after  the  dyeing  is  completed  the  material  is  raise< 
the  bath;  from  1  to  3  per  cent  of  ix)tassium  dichromate  added  ai 
boiling  continued  for  from  one  to  one  and  one-half  hours.  With 
dyestuflfs  it  is  better  to  after-treat  with  the  potassium  dichromat 
separate  bath. 

Properties  of  the  Mordant  Acid  Colors.    The  mordant   acid 
when  properly  applied  approach  almost  if  not  quite  the  fastness 
straight  mordant  colors.     Difficulty  is  sometimes  experienced  in  pi 
ing  the  exact  shade  desired,  because  the  color  produced  at  the  end 
dyeing  is  often  greatly  changed  during  the  after-treatment.     It  i 
infrequent  that  a  yellow  or  red  will  produce  a  dark  blue,  green  or 
black  upon  after-treatment. 

As  the  after-treatment  is  almost  without  exception  carried  out 
potassium  dichromate,  the  mordant  acid  colors  are  often  called  "  cl 
colors." 

Insoluble  Azo  Colors.  A  number  of  coloring  matters  of  the  azo 
exist,  the  insolubility  of  which  renders  them  non-applicable  by  any  < 
methods  already  described.  Fortunately  the  nature  of  the  proce 
their  formation  is  such  that  they  may  be  produced  directly  upon  the 
Many  insoluble  azo  colors  may  be  produced,  but  only  two,  the  so-< 
para-nitraniline,  and  alpha-naphthylamine  reds  have  proved  to  be  of 
tical  value.  These  have  been  extensively  used  upon  cotton  durinj 
past  fifteen  years,  the  former  having  replaced  Turkey-red  to  a  great  e? 

The  dyestuffs  of  this  class  are  also  known  as  developed  colors^  be 
they  are  developed  during  the  process  of  application,  also  as  ice  c 
because  ice  is  used  to  attain  a  low  temperature  during  their  forms 

The  formation  of  the  insoluble  azo  colors  depends  upon  the  fact 
certain  diazotized  amino  compounds  produce  insoluble  coloring  ms 
when  brought  into  contact  with  certain  uaphthols  or  phenoHc  be 
Para-nitraniline  red,  the  most  important  example,  is  produced  by  pac 
cotton  cloth  with  sodium  beta-naphtholate,  prepared  by  dissolving 
naphthol  in  caustic  soda  solution,  and  then  passing  the  cloth  thus 
pared  through  a  bath  containing  a  cold  solution  of  diazotized  para-nit 
line  the  latter  being  prepared  by  the  action  of  nitrous  acid  upon  pai 
tramline  hydrochloride.  As  soon  as  the  cloth  prepared  as  above  c 
in  contact  with  the  para-nitraniline  solution,  a  bright  red  develops  v 
possesses  excellent  fastness  to  light  and  washing.  If  diazotized  al 
naphthylamine  is  substituted  for  the  para-nitraniline  a  claret  red 
is  produced  of  corresponding  fastness. 
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The  insoluble  azo  colors  are  not  applicable  to  wool,  owing  to  the  fact 
that  a  strong  caustic  soda  solution  must  be  used  in  dissolving  the  naphthul 
which  would  act  injuriously  upon  the  fiber. 

Reduction  Vat  Colors.  The  re<luction  vat  colors  have  come  into  px<  at 
prominence  during  recent  years  owing  to  their  great  resistance  to  prai- 
tically  all  of  the  color  destroying  agencies  particularly  light  and  washing. 
The  chemistry  of  their  application  is  the  same  as  that  of  indigo,  in  fu<l 
indigo  is  a  reduction  vat  color  in  every  sense  of  the  word.  As  a  class  th(^» 
colors  are  insoluble  in  water,  but  when  strongly  reduced  in  an  alkaline 
bath  they  form  soluble,  usually  colorless  or  almost  colorless,  reduction 
compounds  which  are  easily  absorbed  by  the  fiber.  Upon  subsequciit 
oxidation  the  reduced  compounds  pass  back  to  the  original  or  insoluhh^ 
dyestuflf  which  l)ecomes  fixed  upon  the  fiber. 

From  the  point  of  view  of  composition,  the  reduction  vat  colors  may  1^ 
divided  into  two  classes,  firsts  those  directly  related  to  ituligo,  secomP.i, 
those  related  to  anthracene.  The  former  may  in  most  cases  be  applitM 
to  l)oth  cotton  and  wool  but  the  latter  only  to  cotton. 

The  coloring  power  of  the  reduction  vat  colors  is  weak  and  a  compar- 
atively large  amount  must  be  used  iii  most  cases. 

Aniline  Black.  Aniline  black  is  usually  classified  as  one  of  the  mi- 
cellaneous  colors  for  it  does  not  belong  to  any  of  the  other  groups.  It  i-, 
in  reality,  an  insoluble  black  pigment  produced  V)y  the  oxidation  of  anilin* . 

When  aniline  is  oxidized  three  consecutive  products  are  formed.  1' 
Emeraldine,  a  greenish  colored  salt  insoluble  in  water.  (2)  Nigraniln,i 
formed  by  the  oxidation  of  emeraldine,  and  (3)  Aniline  black  propt^. 
or  ungreenable  black  as  it  is  sometimes  called,  which  is  formed  by  a  >tiii 
further  oxidation  of  nigraniline.  The  composition  of  the  final  protliut 
is  not  definitely  known. 

Aniline  black  is  extensively  used  in  calico-printing  and  the  dyeing  ^'t 
hosiery  but  cannot  be  used  successfully  in  wool  dyeing. 

In  general  aniline  black  is  applied  by  preparing  or  printing  the  mate- 
rial with  a  mixture  of  aniline  hydrochloride  and  certain  oxidizing  agents 
and  oxygen  carriers  such  as  potassium  chlorate,  potassium  ferrocyanide, 
copper  sulphide,  or  vanadium  salts,  and  subsequently  drjdng  and  aging 
it  by  pa'^sing  through  an  aging  chamber. 

Aniline  black  is  extremely  fast  to  light,  bleaching  and  washing. 


XXXIX 
THE  ART  OF  PAPER  MAKING 

G.  F.  LULL 
Paper  Expert j  Randolph,  N.  Y, 

The  making  of  paper  is  one  of  the  oldest  of  the  arts.  There  has  been 
found  rolls  of  papyrus  made,  about  6000  years  ago,  by  the  ancient  Egyp- 
tians out  of  the  papyrus  plant,  a  reed  that  grows  to-day,  wild,  along  the 
banks  of  the  Nile.  The  Chinese,  from  whom  the  Europeans  received  their 
early  instruction  in  the  art,  made  paper  from  the  inner  bark  of  the  mulberry- 
tree  upon  which  they  made  records  of  incidents  that  they  desired  to 
preserve  for  posterity. 

Parchment  made  of  the  skins  of  animals  was  also  used  for  many 
years  for  records.  Erasures  of  old  records  were  common,  so  that  the 
parchment  might  be  used  again  in  order  to  save  the  cost  of  buying  it  anew. 
The  chemist,  in  a  number  of  instances  has  reproduced  successfully  these 
older  records  thus  bringing  to  light  some  verj'  valuable  writings.  Probably 
on  accoimt  of  the  ease  of  making,  using,  carrying  and  handling  these 
parchment  rolls  they  came  into  general  use. 

Until  about  the  year  1800,  paper  was  made  out  of  cotton  and  linen 
rags,  using  the  crudest  of  machinery  and  producing  w^hat  is  called  **  hand 
made  paper."  Awakening  along  inventive  lines  in  this  art  seems  to  have 
started  somewhat  before  that  time,  as  we  have  accounts  published  in 
1765,  suggesting  the  making  of  vegetable  tissue  into  pulp  and  bleaching 
it  into  paper  stock.  Straw,  wood,  bark,  hornets'  nests,  hopvines,  cabbage- 
stumps,  thistle  stalks,  burdock,  and  peat  were  all  mentioned  as  suitable 
material  for  this  purpose.  To-day  we  have  straw,  peat,  cotton  stalks, 
l)ulrushes,  bagasse  manufactured  into  paper.  The  United  States  Govern- 
ment through  an  act  of  Congress,  1908,  appropriated  $30,000  for  an 
experimental  investigation  of  com  stalks  as  a  basis  for  paper. 

In  about  the  year  1799,  Robert  took  out  a  patent  in  France  on  a  machine 
making  endless  paper.  Not  being  successful  there,  he  associated  with 
him  in  London,  Fourdrinier.  They  spent  $300,000  which  at  that  time 
meant  more  than  it  does  now,  in  their  endeavors  to  put  into  general  use 
their  machine.  They  were  never  rewarded,  but  their  machine  "  The 
Fourdrinier "   revolutionized  paper  making,   a  foundation  upon  which 
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has  been  built  that  which  is  to-day  the  ninth  largest  industry  of  the  United 
States. 

At  the  present  time  the  manufacture  of  paper  has  two  principal  bases 
of  supply.  One  of  these  is  rags,  the  other  is  wood.  Out  of  ra^  is  made 
the  highest  priced  paper. 

Rag  Paper.  All  linen  and  cotton  rags  can  be  converted  into  different 
grades  of  paper  according  to  the  kind  and  color  of  the  rags.  Great  care 
is  used  in  sorting  rags  before  delivery  to  the  paper  mill  so  as  to  get  a  uni- 
form kind  of  clean  rags  of  same  color.  Buttons,  pieces  of  metal,  sticb, 
stones,  and  rubber,  must  be  removed.  Valuables  such  as  money,  jeweln— 
even  diamonds,  are  often  found  in  old  rags.        | 

The  treatment  of  rags  in  the  mill  is  as  follows:  The  rags  are  delivered 
at  the  mill  in  strap  iron  bound  bales  al)out  3  ft.  square  and  5  ft.  long. 
Often  several  hundred  tons  and  sometimes  two  or  three  thousand  tons 
are  kept  on  hand,  the  quantity  depends  on  chances  to  buy  and  the  ready 
money  of  the  mill  owners. 

The  rags  in  bales  as  demanded  for  use,  are  taken  to  the  ragroom  where 
the  bales  are  opened  by  women  who  make  the  final  sorting,  inspection 
and  cutting.  A  sc^^the  shaped  knife  is  fastened  in  a  vertical  position  to 
a  table  by  which  the  operator  cuts  the  rags,  fine  or  coarse  and  also  separates 
out  the  buckles,  buttons,  bones  and  other  foreign  matter  that  may  be 
seen.  The  finest  sort  goes  into  the  best  of  writing  paper.  From  this 
high  standard  to  the  pasteboard  and  cheapest  wrappers  are  many  grades 
supplied  by  the  different  quality  of  rags.  Mechanical  cutters  sometimes 
are  used. 

The  rags  next  go  to  the  duster.  This  machine  dusts  out  often  as  much 
as  5  per  cent  of  the  weight  of  the  rags.  From  the  duster  the  rags  are  taken 
to  the  ragboiler.  These  boilers  or  rotaries  are  cylindrical  shaped  steel 
tanks  10  to  20  ft.  long  and  to  6  to  8  ft.  in  diameter  with  heads  riveted  on 
each  end,  each  having  a  journal  for  support  as  they  rest  in  a  horizontal 
position.  A  manhole  for  filling  and  emptjing  is  placed  midway.  In 
this  boiler  the  rags  are  cooked  or  boiled  for  several  hours  in  a  solution  of 
caustic  soda  or  a  solution  of  milk  of  lime  under  a  pressure  of  about  30  lbs. 
This  cleans,  destroys  colors,  and  fits  the  stock  for  the  beating  engine,  which 
is  an  oval  shaped  tub  about  18  ft.  long  by  3  ft.  high  by  12  ft.  wide  at  the 
center.  This  is  a  Holland  invention  for  washing,  beating  and  reducing  the 
fi})er  of  the  paper  stock.  A  partition  extends  as  far  as  the  rectangular 
part  of  the  body.  A  shaft  bearing  a  large  roll  that  nearly  fills  one  of  the 
two  partitions  has  heavy  knives  fitted  into  its  face  parallel  to  the  shaft; 
these  in  revolving  come  as  close  as  is  desired  to  a  fixed  set  of  knives  on 
the  bottom  floor.  All  the  stock  must  pass  between  these  two  sets  the 
moving  one  of  which  acts  as  a  paddle  wheel  giving  the  motion  to  the  stock 
around  the  heater.  Fresh  water  is  supplied  so  that  the  stock  can  be 
washed  clean  as  well  as  reduced  to  the  right  length  of  fiber  for  the  machine. 
In  this  beating  engine  the  rags  are,  when  desired,  bleached  for  white 
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paper  or  are  colored  to  whatever  shade  demanded.  The  stock  is  here 
sized  when  an  engine-sized  paper  is  to  be  made.  This  sizing  is  usually 
made  of  rosin  and  soda  ash. 

From  the  beater  the  stock  is  taken  to  a  chest  for  storage  in  which  it 
is  stirred  to  keep  it  in  liquid  condition.  From  this  chest  the  stock  is 
pumped  to  a  Jordan  engine  which  is  a  cone-shaped  plug  about  4  ft.  long 
that  fits  into  a  hollow  cone  made  to  receive  it.  In  the  surfaces  of  each 
are  knives  that  can  be  made  to  come  nearly  together  through  which  all 
of  the  paper  stock  must  pass.  From  the  Jordan  the  paper  stock  goes 
to  the  machine  chest  from  whence  it  is  piunped  to  the  flow  box  where  the 
right  quantity  of  water  is  added  to  make  it  flow  properly  through  the 
screens  and  onto  the  wire  of  the  Fourdrinier  paper  machine  that  forms  the 
sheet  of  paper. 

The  screens  remove  all  particles  too  coarse  to  go  into  the  sheet  of 
paper  as  well  as  sticks  or  any  foreign  matter  large  enough  to  be  held 
back  from  passing  through  the  slots  which  are  twelve-hundredths  of  an 
inch  in  width.  The  wire  is  one  of  the  most  imix)rtant  and  costly  parts 
of  the  machine  costing  $100  to  $200.  Upon  it  the  paper  is  formed  or 
made.  This  wire  is  made  endless,  with  ends  woven  together  so  that  it 
will  pass  around  the  rolls  as  an  endless  belt,  supported  by  a  series  of  brass 
rolls  placed  at  various  positions  as  demanded  by  the  work  to  be  done. 
The  wire  is  stretched  out  like  a  horizontal  oblong  table  the  width  of  which 
determines  the  width  of  the  sheet  of  paper.  The  mixture  of  stock  and 
water  is  flowed  onto  the  wire  as  evenly  as  possible.  It  must  be  per- 
fectly done  too  as,  if  it  is  imperfect,  it  cannot  be  sold  and  is  put  back  into 
the  beaters  to  be  beaten  up  and  worked  over  again.  The  sheet  of  paper 
is  formed  at  this  place  at  the  rate  of  60  or  80  ft.  a  minute  as  in  fine  writing- 
paper,  or  600  or  more  feet  per  minute  as  is  done  on  the  news  print  machines. 

At  intervals  before  the  wire  reaches  the  first  press,  suction  boxes  are 
placed  to  suck  out  some  of  the  water.  There  is  also  often  a  ilandy  roll 
that  places  a  name  or  figure  in  the  paper,  such  as  one  can  see  when  it 
is  held  up  to  the  light.  This  stamps  the  name  into  the  sheet  of  paper 
while  it  is  wet  and  is  sometimes  called  a  "  water  mark.'*  The  paper  is 
fully  formed  on  the  wire  although  saturated  with  water  that  must  be  gotten 
rid  of.  The  sheet  is  made  to  pass  between  two  heavy  press  rolls  that 
squeeze  out  a  quantity  of  water  then  through  a  second  press  and  sometimes 
through  a  third  press  the  aim  lx?ing  to  extract  as  much  water  as  can  be 
gotten  rid  of  mechanically  by  presses  and  suction  boxes.  Two-thirds  of 
the  weight  of  the  sheet  of  paper  before  going  to  the  steam  dryers  is  water. 
The  dryers  are  hollow  cast  iron  cylinders  3  or  4  ft.  or  more  in  diameter  and 
80  or  90  ins.  up  to  180  ins.  long  as  the  width  of  the  sheet  of  paper  may 
require.  The  end  of  the  sheet  of  paper  is  carried  by  hand  to  the  first 
dryer  which  as  all  the  others  is  steam  heated.  The  dryers  are  in  two  or 
three  rows  one  on  top  of  the  other  for  economy  of  space.  Around  these 
passes  the  sheet  of  paper,  making  contact  with  as  much  of  the  hot  face 
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of  the  dryer  as  13  possible.  As  it  passes  under  a  dryer  it  would  n&turally 
fall  out  of  contact.  To  prevent  this  a  heavy  cotton  duck  felt  is  run  so  as  to 
hold  it  up  aj;unst  the  dryer.  The  dryers  may  be  from  16  to  50  in  number 
according  to  the  character  of  the  paper  made.  The  paper  contains  6 
to  10  per  cent  of  moisture  when  it  leaves  the  dryers.  Thus  you  will  see 
for  every  ton  of  paper  dried  two  tons  of  water  are  evaporated  and  this  must 
be  done  by  steam.  From  this  point  it  is  generally  passed  by  hand  through 
a  stack  of  calenders  that  smooth  out  or  polish  the  surface  of  the  sheet. 
From  the  calenders  (Fig.  328)  it  passes  to  the  reels  and  from  the  reels  through 
the  slitters  that  cut  the  sheet  into  the  width  desired  and  to  the  winders 
where  it  is  wound  up  into  large  rolls.  When  demanded  these  rolls  are 
taken  to  an  apparatus  called  a  super-calender  where  the  surface  of  the 
sheet  is  further  polished  by  running  through  heavy  steel  rolls  and  then 


it  goe.s  to  the  cutlers  where  it  is  cut  up  into  any  size  of  sheets  demanded. 
From  the  cutters  it  goes  to  the  counters.  These  who  are  generally  girls 
count  out  the  sheets  into  12,  24  or  500  sheets  ready  for  the  finisher  and 
packers  who  make  up  the  packages  of  paper  as  are  ordered  for  the  trade. 

Wood  Paper.  As  late  as  1875  our  common  daily  newspapers  were 
made  from  rag  stock  and  one  sir^le  sheet  or  a  four-page  newspaper  at 
that  time  cost  from  2  to  5  cents  per  copy,  and  old  papers  were  worth  one 
cent  each.  The  newspapers  of  to-day  are  made  from  wood  and  we  have 
papers  with  many  pages  sold  for  one  cent  per  copy.  Ordinarj'  news- 
paper in  1876  sold  for  $164  per  ton.  To-day  newspaper  is  selling  at  about 
$40  per  ton.  All  this  has  come  about  through  the  development  of  the 
manufacture  of  paper  from  wood. 

The  supplying  of  the  mills  with  wood  is  a  great  industrj'  in  itself. 
In  the  fall  of  the  year  men  are  sent  into  the  woods  in  crews  of  ten  to  one 
hunilred  and  sometimes  more  with  horses,  wagons,  sleds,  and  feed.  There 
they  fell  the  trees,  trim  them  of  branches,  cut  the  trees  into  timber 
or  cord  wood  lengths  and  get  ready  either  to  float  the  lumber  down  the 
stream  in  a  "  drive  "  or  to  haul  it  to  some  nearby  railroad  so  that  it  can 
be  delivered  to  the  mill  where  it  is  converted  into  paper. 

On  the  arrival  of  the  wood  at  the  mill,  if  it  Ls  to  be  chemically  treated, 
it  is  generally  piled  up  so  that  it  may  dry,  it  is  allowed  to  thus  season  in 
the  pile  for  one,  two  or  perhaps  three  years.     This  seasoned  wood  loses 
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wood  with  caustic  soda  in  digesters,  which  are  large  steel  boilers.  This 
process  was  put  into  practical  use  in  1875,  sulphite  fiber,  perfected  in 
1885  is  made  by  treating  spruce  and  similar  woods  with  sulphurous  acid, 
combined  with  lime  and  magnesia,  in  special  digesters  made  to  withstand 
the  action  of  the  corrosive  acids. 

Soda  Process.  The  caustic  soda  liquors  are  made  in  the  paper  mills 
using  this  method  by  dissolving  soda  ash  in  water  and  to  this  solution 
adding  about  55  to  60  per  cent  of  freshly  burnt  pure  quick  lime  bringing 
the  mass  to  a  boil,  mixing  it  thoroughly  by  stirring,  then  allowing  the 
calcium  carbonate,  which  is  produced  by  the  reaction  with  the  soda  ash, 
to  settle  to  the  bottom.  The  clear  caustic  liquor  is  siphoned  off,  the 
lime  sludge  is  washed  two  or  three  times  with  water  to  remove  as  much 
of  the  caustic  soda  as  possible.  Attempts  have  been  made  to  reclaim  this 
lime  sludge  by  drying  it  and  rebuming  it,  but  this  is  seldom  done. 

Poplar  Wood  and  its  kindred  species  are  principally  used  in  the  soda 
process  as  they  yield  easiest  to  this  treatment,  requiring  a  smaller  amount 
of  caustic  soda  for  reduction  than  do  other  woods.  The  well-seasoned 
wood  from  the  piles,  where  it  has  lain  for  a  year  or  more,  is  brought  to  the 
mill  where  it  is  inspected  and  all  dirt  and  black  knots  removed,  as  these 
make  objectionable  color  in  the  pulp  and  paper.  These  sticks  of  wood 
are  then  taken  to  a  machine  called  a  chipper  which  slices  off  the  wood  into 
chips  about  |  in.  long  in  a  similar  manner  to  slicing  an  onion.  The 
thickness  of  these  chips  will  generally  be  the  annual  growth  of  the  wood. 
The  chips  are  screened  to  remove  the  sawdust,  knots  and  coarse  pieces. 
These  coarse  pieces  passing  through  a  re-chipper  are  reduced  to  the  proper 
sizes.  As  the  sawdust  produces  a  fiber  which  is  too  short  for  use  and  if 
allowed  to  remain  mixed  with  the  wood  would  consume  a  proportionate 
amount  of  chemicals  it  is  carefully  screened  out  and  is  used  for  fuel.  Many 
experiments  have  been  tried  for  the  utilization  of  sawdust  for  fiber  but 
none  have  proved  successful.  The  chips  are  stored  in  large  bins  placed 
over  the  digesters  into  which  they  are  run  through  spouts  by  gravity.  These 
digesters  for  the  soda  process  are  made  of  steel  1  inch  thick  and  are  some- 
times 50  ft.  high  and  10  ft.  in  diameter.  They  are  filled  full  of  chips  and 
then  is  added  a  certain  amount  of  the  caustic  soda  solution  of  a  density  of 
8  to  10®  B6.  according  to  the  character  of  the  wood  to  be  cooked.  When 
filled,  the  cover  of  the  digester  is  bolted  down  and  steam  is  turned  on 
through  the  bottom.  In  the  soda  digesters  there  is  a  false  bottom  which 
allows  the  hot  liquor  to  pass  down  through  it.  There  is  generally  an 
ejector  under  this  false  bottom  through  which  ejector  steam  is  passed 
which  lifts  the  cooking  liquor  at  the  bottom,  carries  it  through  a  pipe  to 
the  top  of  the  digester  and  sprinkles  it  over  the  chips,  thus  making  a 
continuous  circulation  which  produces  thorough  cooking.  The  cooking 
of  the  chips  dissolves  the  woody  matter.  When  completely  cooked,  the 
contents  of  the  digester  will  be  found  to  have  shrunk  one  quarter  to  a 
third  of  its  bulk,  but  the  chips  retain  their  original  form  at  this  point. 
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A  cooking  pressure  of  90  lbs.  is  maintained  in  the  digesters  for  from 
eight  to  ten  hours  when  a  sample  is  drawn  to  ascertain  if  the  wood  i< 
properly  cooke<l.  When  the  operation  is  completed  a  valve  of  6  or  8  in^. 
diameter  at  the  lower  part  of  the  digesters  is  opened  and  the  entire  ma^> 
is  violently  blown  out  of  the  digester  by  pressure  into  a  suitable  receiving 
tank.  This  violent  action  and  the  impact  of  its  contents  serves  to  shattfr 
or  destroy  the  original  form  of  the  chips  and  a  pulpy  mass  of  fiber  resuli>. 
The  Uquor  which  has  been  employed  for  the  reiluction  is  carefully  drawn 
off,  evaporated  to  a  consistency  of  35  to  40®  B^.  by  means  of  some  suitable 
evaporator.  It  goes  now  to  a  rotary  furnace  where  it  is  fiulher  dried  and 
the  tar  and  other  wood  products  are  burned  up  leaving  the  soda  mixi^l 
with  charcoal.  This  black  mass  is  called  "  black  ash."  The  soda  which 
it  contains  is  leeched  out  and  is  used  over  again  with  addition  of  fresh  s<xia 
ash  and  caustic  lime.  A  recovery  of  from  85  per  cent  to  90  per  cent  of  tl.«^ 
original  soda  ash  used  is  generally  obtained,  and  this  materially  reduct^ 
the  cost  of  chemicals  employed.  The  profits  of  the  mill  are  larpi^iy 
dependent  upon  this  part  of  the  manufacture.  All  soda  fibers  when  cooke*! 
and  washed  clean  from  the  cooking  liquors  are  somewhat  colored,  and  if 
a  white  paper  is  desired  they  must  be  bleached  to  the  desired  whitene?.-^. 
If  a  colored  paper  is  demanded,  the  color  desired  can  be  made  in  many 
cases  without  recourse  to  bleaching.  The  pulp  when  washed  clean  i- 
passed  through  screens  which  remove  from  it  uncooked  wood  and  coarx 
matters  and  either  goes  to  the  beaters  where  it  is  mixed  with  other  filxr- 
to  make  the  desired  grade  of  paper  or  it  is  bleached  if  required  and  ihv:: 
pumped  to  the  wet  machines  previously  described,  to  put  into  condition 
for  handling  in  shipment  or  storage.  Soda  fiber  is  a  soft  stock  and  i- 
largely  used  in  the  better  magazine,  book  and  writing  paper  grades.  V 
is  of  a  soft,  spongy-like  feeling  to  the  fingers  and  is  a  quality  desireil  in 
paper  used  for  books.  It  is  a  fiber  that  does  not  deteriorate  by  time  i- 
the  chemicals  that  have  produced  it  do  not  have  a  rotting  effect  upon  i' 
unless  it  is  overbleached.  Its  selling  price  when  bleached  is  about  $4'. 
per  ton. 

Sulphite  Process.  The  largest  amount  of  chemical  fiber  is  produceil  hy 
this  process.  The  spruce,  fir  and  hemlock  from  which  most  of  this  pulp  N 
made  is  piled,  dried,  cleaned,  chipped  and  screened  and  conveyed  into  thr 
chip  bins  above  the  digesters  practically  in  the  same  manner  as  for  the  .<oibs 
process.  The  digesters  for  this  process  are  built  of  heavy  1  in.  thick 
steel  and  are  very  large,  being  often  50  ft.  high  by  18  ft.  in  diameter  mad - 
to  contain  20  to  SO.cords  of  wood  at  a  charge.  On  the  inside  of  the:^ 
digesters  there  is  generally  placed  a  protective  lining  of  cement,  or  com- 
position and  a  brick  lining  because  the  acid,  if  it  comes  in  contact  with 
the  steel  would  attack  it.  Great  care  is  used  in  protecting  the  inside  shell  an : 
in  properly  conducted  mills  examinations  are  made  of  it  after  each  blow^ 
to  see  that  no  injury  is  taking  place. 

These  digesters  are  loaded  full  to  the  top  with  chips  and  bisulphite  liquoi^ 
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run  into  the  digester  to  within  about  3  ft.  of  the  top.  This  bisulphite 
acid  or  cooking  acid  is  made  by  burning  sulphur  in  specially  built 
furnaces.  In  some  of  the  coimtries  of  Europe  pyrites,  on  account 
of  its  cheapness,  is  used  instead  of  the  sulphur,  but  it  has  not  been  found 
profitable  to  use  pyrites  in  this  countr3\  The  greater  part  of  the  sulphur 
used  in  this  coimtry  to-day  comes  from  the  underground  sulphur  mines 
of  Louisiana.  This  is  obtained  by  forcing  super-heated  steam  down  a 
pipe  which  melts  the  sulphur  and  it  is  forced  up  in  the  casing  as  a  brown 
Uquid  and  is  runoflf  into  piles  where,  when  it  is  cooled  it  returns  to  its  yellow 
sulphur  color.  This  Louisiana  sulphur  has  practically  driven  out  of  the 
market  in  this  country  the  Sicilian  sulphiu*  which  was  first  used.  When  the 
Louisiana  sulphur  came  into  use  much  trouble  was  caused  by  the  impuri- 
ties that  it  contained  which  would  form  a  coating  over  the  molten  surface 
and  prevent  the  formation  of  the  sulphur  dioxide  gas.  This  difficulty 
is  now  overcome  by  the  invention  of  rotary  and  agitating  burners.  This 
gas  is  generated  by  burning  sulphur  in  the  furnace  admitting  the  right 
amount  of  air  so  that  the  chemical  combination  of  two  atoms  of  oxygen 
with  one  of  sulphur  may  take  place.  To  further  insure  this  a  combustion 
chamber  is  attached  back  of  the  furnace  where  a  further  supply  of  air  is 
carefully  admitted  bringing  the  sulphur  dioxide  gas  to  14  to  18  per  cent. 
This  gas  first  goes  through  cast  iron  pipes  to  cool  it,  then  it  enters  lead 
pipes  immersed  in  cold  water  to  further  reduce  the  temperature.  It 
next  passes  successively  through  three  or  four  wooden  tanks  containing  a 
mixture  of  milk  of  lime  that  absorbs  the  gas  as  it  comes  in  contact  with 
it.  The  lime  best  suited  for  this  purpose  is  made  from  dolomite  often  car- 
rying 45  per  cent  of  magnesia.  The  gas  enters  the  tank  at  the  bottom 
leaving  at  the  top,  mixing  with  the  milk  of  lime  in  successive  tanks  till 
the  sulphur  dioxide  is  finally  all  absorbed  and  the  residual  air  passes  out 
of  the  heavy  vacuum  pumps  that  *'  pull  the  gas  from  the  furnace  to  them." 

The  gas  may  be  absorbed  by  the  tower  system,  when  it  is  passed  into 
towers  about  100  ft.  high  where  it  comes  in  contact  with  limestone  and  water 
and  by  its  acid  action  on  the  lime  rock  produces  the  liquor  necessary  for 
the  reduction  or  cooking  of  the  wood.  The  strength  of  this  acid  is  tested 
by  iodine  solution  using  starch  as  indicator  and  is  generally  rmi  at  a 
Beaum^  strength  of  4  to  6°  containing  the  proper  amounts  of  free  acid 
and  combined  acid  according  to  the  wood  that  is  to  be  cooked. 

The  digester  having  its  complement  of  acid  is  sealed  and  relief  pipes 
are  connected  to  the  top  cover.  This  digester  has  no  false  bottom  and  the 
steam  is  applied  directly  at  its  cone-shaped  base.  The  circulation  of  this 
digester  depends  on  the  passage  of  the  steam  into  the  bottom  working  its 
way  up  through  the  mass  of  chips  and  liquor  causing  the  sulphur  dioxide  to 
break  loose  from  its  combination  with  the  lime  and  magnesia  and  the 
resultant  gas  is  relieved  through  the  escape  valves  and  pipes  on  the  top 
of  the  cover.  This  gas  as  well  as  the  liquor  that  is  blown  out  through  the 
relief  pipes  is  valuable  up  to  two-thirds  or  more  of  the  time  of  the  cooking. 
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They  are  cooled  by  running  them  through  lead  pipes  immersed  in  cold 
water  and  are  mixed  with  fresh  cooking  liquors.  This  is  the  only  method 
of  reclaiming  the  sulphur  in  use  at  present.  There  has  not  thus  far  been 
invented  any  system  of  circulation  for  the  sulphite  cooking  such  as  is  in 
use  in  the  vertical  soda  digesters.  Both  the  soda  and  sulphite  processes 
have  digesters  or  cookers  that  are  placed  horizontally  and  are  rotated  but 
they  are  not  used  as  much  as  the  vertical  or  upright  digester  on  account 
of  the  extra  labor  required  to  fill  and  to  dump  them.  The  vertical  digesters 
are  self  emptying  thus  lessening  the  cost  of  labor  and  time. 

In  the  cooking  of  the  sulphite  pulp  in  the  digester  the  mass  of  chips 
shrinks  as  it  does  in  the  soda  process.  During  this  process  a  pressure 
of  90  lbs.  is  maintained  in  the  digester  and  the  temperatures  run  as  high 
as  350°.  The  quick  cooks  are  made  in  six  to  ten  hours,  the  slow  coob 
are  steamed  from  thirty-six  to  seventy-two  hours.  The  slow  cook  pro- 
duces the  strongest  fibers  that  we  have  and  it  uses  a  weaker  strength  of 
chemicals  than  the  quick  cooks.  The  vertical  digesters  are  discharghl 
in  a  similar  manner  as  with  the  soda  ones.  The  pulp  on  being  blo\ni 
out  strikes  a  bronze  plate  called  a  target  and  is  almost  white.  The 
cooking  liquor  is  at  once  washed  out  of  the  pulp  by  flooding  the  tank 
into  which  it  is  blown  with  fresh  clean  water.  The  tank  has  a  perforatt^i 
bottom  connected  to  the  sewer  with  a  valve  so  as  to  control  it  ea^jily. 
The  water  used  for  this  washing  strange  to  say,  must  be  pure  and 
more  care  taken  to  insure  its  cleanliness  than  with  the  wat^r  we  gen- 
erally drink.  This  waste  liquor  has  been  experimented  on  ext^ensively 
but  up  to  the  present  time  it  is  found  to  be  of  value  only  in  tanning  and  a< 
a  binder  for  slack  coal  in  making  bricquets  for  fuel.  The  cooking  aeid 
must  be  thoroughly  washed  out  of  the  sulphite  pulp  because  if  it  is  not 
the  color  of  the  pulp  will  turn  pink  or  darken  to  a  light  gray  slate  color. 
After  washing,  the  stock  is  passed  through  screens  with  mesh  not  finer 
than  iV  in.  through  which  the  fiber  itself  passes  leaving  behind  the 
knots' and  uncooked  pieces  and  coarse  stuff, which  are  sent  to  the  scrap 
heap  to  be  ground  up.  When  sulphite  pulp  is  to  be  shipped  to  another 
mill  or  piled  up  and  stored  it  is  run  over  the  wet  machine  which  has  been 
previously  described.  If  there  is  a  newspaper  mill  connected  with  the>e 
plants,  the  ground  wood  and  the  sulphite  are  each  pumped  to  it  and  mixed 
together  in  beater  engines.  For  the  common  newspapers  of  to-day 
75  per  cent  of  ground  wood  pulp  is  mixed  with  about  25  per  cent  of  sul- 
phite pulp,  some  alum  Is  added  and  a  little  pink  and  blue  aniline  to  give 
it  the  required  white  tint.  After  beating  in  the  engine  from  a  quarter 
to  a  half  hour,  the  stock  is  dropped  into  a  stock  chest  from  whence  it  is 
pumped  to  a  Jordan  engine,  which  shortens  the  fiber  to  the  proper  length 
for  the  sheet  of  paper.  From  the  Jordan  engine  it  goes  to  the  stock 
chest  that  supplies  the  paper  machine  being  the  same  type  as  the  one 
used  to  make  rag  and  writing  paper  upon  only  it  is  much  heavier,  costlier 
and  runs  faster.     Some  of  these  machines  cost  as  much  as  980,000  each 
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and  are  marvels  of  beautifully  swljusted  mechanism.  The  diflferent  parts 
are  so  accurately  adjusted  that  from  the  flow  of  the  wet  stock  onto  the 
wire  to  the  winding  up  of  the  dried  sheet  of  paper  as  it  comes  through  the 
calenders  it  moves  with  perfect  adjustment  whether  the  speed  be  300  or 
650  ft.  per  minute. 

At  the  beginning  of  the  use  of  wood  for  paper  stock  few  if  any  of  the 
mills  owned  any  timber  lands,  now  all  endeavor  to  buy  all  growing  tim- 
ber they  are  able  to  obtain.  In  1882  wood  of  good  size,  8  ins.  to  18  ins. 
and  more  in  diameter  cost  $2.50  to  $3  per  cord  at  the  mill.  Wood  prices 
to-day  run  from  $6  to  $16  generally  being  $10  or  $12  per  cord  of  128 
cu.ft.  As  regards  the  size  often  one-half  of  the  wood  now  obtained  will 
not  be  over  3  ins.  in  diameter  a  size  that  in  the  earlier  days  would  have 
been  sent  to  the  fire-room.  The  owners  of  timber  lands  are  now  cutting 
their  holdings  more  carefully,  often  under  the  personal  directions  of  U.  S. 
Forestry  Officers  thereby  testifying  that  the  conservation  of  the  forests 
is  no  idle  talk. 

The  production  of  print  paper  is  now  estimated  at  8,000,000  tons 
annually.  Of  this  75  per  cent  is  ground  wood  stock  25  per  cent  is  sulphite 
stocks.  As  one  and  one-half  cords  of  wood  are  required  to  make  a  ton  of 
newspaper,  12,000,000  cords  per  year  or  40,000  cords  daily  are  used.  Allow- 
ing 10  cords  of  wood  per  acre  which  is  high,  in  all  but  the  Pacific  Coast 
region  where  80  to  200  cords  are  not  uncommon,  this  means  that  4000 
acres  of  land  are  daily  stripped  of  wood  to  furnish  paper.  The  United 
States,  produces  40  per  cent  of  the  paper  and  accordingly  it  uses  up  1600 
acres  of  woodland  every  day.  There  has  been  an  advance  in  the  cost  of 
labor.  In  1882  all  pulp  and  paper  tour  work  was  done  in  eleven-  or 
thirteen-hour  shifts  now  in  many  mills  there  are  three  daily  shifts  of  eight 
iiours  each.  Conmion  labor  that  was  $1.25  per  shift  has  gone  to  $1.67 
or  $2,  while  the  machine  tenders  price  has  advanced  from  $2.50  to  $4 
and  the  other  grades  of  labor  are  increased  correspondingly.  The 
production  of  all  mills  has  been  increased.  Grinders  are  now  made  that 
produce  five  tons  of  ground  wood  as  against  one  and  a  half  or  two  tons 
before  made.  Digesters  now  produce  ten  to  fifteen  tons  of  pulp  against, 
three,  four  or  five  tons  ormerly  with  the  same  crew  to  handle  them  and 
the  same  time  to  cook  the  stock,  also  one  of  the  big  newspaper  machines 
of  to-day  will  make  three  times  as  much  paper  as  a  machine  in  1882  could 
make  using  the  same  four  men  to  run  it. 

The  force  of  some  of  the  other  departments  must  be  largely  increased 
to  keep  pace  with  the  work.  Machinery  is  used  whenever  it  can  be 
employed  advantageously  so  as  to  cut  out  manual  labor.  Whenever 
possible  this  class  of  mills  is  located  where  a  water-power  of  at  least 
2000  horse-power  can  be  utilized  also  the  large  quantities  of  water  used 
must  be  pure  and  clean.  Much  care  is  taken  in  purifying  the  water  for 
use  in  the  mill,  settling  tanks,  alum  coagulators,  filters,  etc. 

The  wastes  of  the  wood  are  used  for  fuel.     Other  wastes  such  as 
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worn-out,  broken  machinery,  pulleys,  belts,  different  castings  of  brass, 
lead,  iron  and  bronze,  also  wires  and  woolen  felts  bring  some  return  but  the 
waste  of  chemicals  and  fiber,  that  in  many  mills  reaches  as  high  as  10  per 
cent  is  the  most  costly.  This  is  run  into  the  river  and  all  lost.  Some  of 
our  mills  make  100  to  250  tons  of  paper  daily  or  30,000  to  75,000  toa< 
annually.  In  the  mill  producing  100  tons  per  day  the  waste  per  year  at 
this  rate  would  be  at  least  3000  tons  which  at  $50  per  ton  would  amount 
to  $150,000.  The  larger  plant  making  250  tons  of  news  print  to-day  would 
lose  more  than  8000  tons  of  stock  which  would  bring  at  $50  per  ton  or 
$400,000.  Some  attention  is  being  paid  to  this  most  costly  loss,  but  not 
enough  has  been  accomplished  to  prevent  a  large  waste  even  to-day. 
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[  EXPLOSIVES 
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Consulting  Chemist,  Xew  York  City 

An  explosive  is  a  substance,  or  mixture  of  substances,  which  by  proper 
means  may  be  caused  to  decompose  with  great  violence  in  such  a  way  as 
to  produce  useful  results,  such  as  the  shattering  of  rock  or  the  propulsion 
of  projectiles.  A  great  many  substances  which  may  be  classed  as  explo- 
sives are  now  known  to  chemistry,  but  for  practical  purposes  only  those 
explosives  which  can  be  cheaply  manufactured  on  a  large  scale  are  of 
commercial  importance. 

There  are  many  ways  in  which  explosives  are  used.  No  one 
explosive  has  been  found  which  will  answer  all  purposes.  Dynamite 
cannot  be  used  as  a  propelling  agent  in  firearms,  and  smokeless  powder 
is  not  employed  as  a  substitute  for  dynamite  in  ordinary  blasting.  Explo- 
sives suitable  for  military  purposes  must  conform  to  requirements  quite 
different  from  those  demanded  for  technical  purposes;  and  an  explosive 
suitable  for  use  in  a  stone  quarry  might  be  totally  unsuited  for  use  in  a 
coal  mine.  In  consequence  of  these  varying  requirements  the  explosive 
industry  is  rather  highly  specialized. 

The  number  of  different  explosives  which  have  been  patented  and 
manufactured  is  large.    The  most  important  commercial  classes  are: 

1.  Black  powder  and  similar  mixtures. 

2.  Explosives  consisting  of  nitrocellulose  or  nitro-starch. 

3.  Explosives  consisting  in  whole  or  in  part  of  nitroglycerin,  dinitro- 
glycerin,  diglycerol  nitrate,  and  other  derivatives  of  glycerin. 

4.  Various  aromatic  nitro  compounds,  such  as  picric  acid. 

5.  Fulminants  or  detonators,  of  which  mercury  fulminate  may  oe 
regarded  as  a  type. 

Vast  improvements  in  the  manufacture  and  use  of  explosives  have  been 
effected  within  the  past  twenty  years,  and,  considering  the  progress  now 
beng  made,  it  is  very  Ukely  that  the  next  twenty  years  will  witness  further 
deivelopments. 

Black  Powder.  Black  powder,  or  ordinar>'  gunpowder,  was  the  only 
explosive  in  general  use  up  to  about  fifty  years  ago.  It  is  said  to  have 
been  discovei'ed  in  the  thirteenth  century-,  but  its  origin  as  well  as  the 
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identity  of  its  inventor  is  involved  in  an  obscurity  which  probably  can 
never  be  cleared.  The  first  powder  mill  is  said  to  have  been  erected  at 
Augsburg  in  1340,  and  from  that  time  to  this  black  powder  has  retamed. 
with  very  slight  variations,  the  composition  given  to  it  by  the  first  powder 
makers.  Although  inferior  in  strength  to  many  explosives  recently  di^ 
covered  it  is  still  being  manufactured  on  an  enormous  scale. 

For  a  long  time  after  its  discovery  black  powder  was  used  exclusively 
for  military .  purposes.  Its  peaceful  applica,tion  to  the  mining  industr. 
began  about  two  hundred  years  ago. 

Composition.  Typical  black  powder  is  an  intimate  mixture  of  pota<^ 
sium  nitrate,  wood  charcoal,  and  sulphur.  It  is  generally  manufactumi 
in  granular  form,  the  individual  granules  having  a  slight  coating  of  graphit>'. 
The  composition  of  black  powder  varies  slightly  in  different  couEtrif>. 
Guttmann  gives  the  following  table  for  the  powders  most  commonly  a^^l 


Germany .  .  .  . 

France 

England .... 

Holland 

Italv 

Austria 

Russia 

Switzerland.  . 
United  States 


Saltpeter. 

Sulphur. 

Charcoal. 

Vc 

'c 

'c 

74 

10 

16 

75 

10 

15 

75 

10 

15 

70 

14 

16 

75 

10 

15 

75 

10 

15 

75 

10 

15 

75 

11 

14 

75 

10 

15 

The  process  of  manufacture  consists  simply  of  mixing  thoroughly  tbt' 
constituents,  and  of  forming  the  mass  into  grains  of  different  sizes  a^ 
required  for  different  purposes. 

The  Raw  Materials  of  Black  Powder.  The  potassium  nitrate  (salt- 
peter) used  in  manufacturing  black  powder  is  either  '*  natural "  saltpetc: 
or  the  so-called  ^'  conversion  "  saltpeter.  "  Natural  "  saltpeter  is  obtaine-ii 
by  subjecting  nitrogenous  organic  matter  to  decay  in  the  presence  of  wwi 
ashes.  It  has  been  manufactured  in  this  manner  from  early  times  on  a 
large  scale  in  India.  **  Conversion  "  saltpeter  is  obtained  by  treating 
a  solution  of  potassium  chloride  (Stassfurt-  salts)  with  the  solution  of  a 
soluble  nitrate,  such  as  sodium  nitrate  from  the  Chili  nitrate  fields. 

Natural  saltpeter  is  preferred  for  powder  making,  since  the  convenfion 
saltpeter  frequently  contains  traces  of  potassium  or  sodium  perchloratf^. 
the  presence  of  which  makes  the  powder  less  uniform  and  less  reliable 
The  better  grades  of  sporting  and  military  black  powders  are  made  from 
the  natural  saltpeter. 

Charcoal  which  has  been  made  by  charring  peeled,  well-seasone^l 
willow  wood  is  preferred  for  powder  making,  although  many  other  kinJ^ 
of  wood,  and  even  hemp,  flax  and  straw  are  used.    For  certain  kinds  of 


EXPLOSIVES  783 

powder  it  is  required  that  as  much  as  possible  of  the  volatile  matter  be 
driven  oflf.  For  other  kinds  the  wood  is  only  partly  carbonized,  when  the 
charcoal  instead  of  being  black  has  a  red  or  brown  appearance.  These 
brown  coals  are  used  for  making  sporting  powders  and  were  formerly 
used  exclusively  in  miUtary  powders  for  large  calibre  guns. 

The  sulphur  used  in  black  powder  manufacture  is  ordinary  sulphur, 
as  free  as  possible  from  impurities. 

Process  of  Manufacture.  The  technical  process  of  mixing  these 
ingredients  involves  a  number  of  separate  operations  as  follows: 

1.  Pulverizing  the  raw  materials;  5.  Dr3dng; 

2.  Mixing  the  raw  materials;  6.  Dusting  and  sorting; 

3.  Compressing;  7.  Polishing; 

4.  Graining;  8.  Blending. 

The  raw  materials  are  first  pulverized  in  revolving  drums  containing 
bronze  balls.  For  this  operation  they  are  taken  in  pairs;  that  is,  saltpeter 
and  sulphur;  saltpeter  and  charcoal;  charcoal  and  sulphur.  The  different 
pairs  are  then  mixed  in  proper  proportion  and  further  ground  in  the  ball- 
mill.  In  this  condition  the  powder  is  known  as  "  meal  "  and  may  be  used 
without  further  treatment  for  making  fireworks  or  fuses.  It  is  not,  how- 
ever, in  a  form  suitable  for  blasting  or  for  use  in  firearms. 

The  grinding  in  the  ball-mill  serves  merely  as  a  preliminary  mixing. 
To  secure  a  more  thorough  incorporation  of  the  raw  materials,  the  meal 
is  next  ground  in  a  mill  provided  with  heavy  edge  runners.  This  is  a 
type  of  mill  extensively  used  in  many  industries  (Fig.  6),  and  consists 
of  two  heav>',  broad-edged  wheels,  connected  by  a  short  axle  which  is  caused 
to  revolve  horizontally  by  an  upright  shaft.  The  two  wheels  or  runners 
travel  around  a  circular  basin  which  contains  the  material  to  be  ground, 
and  which  is  subjected  to  a  combined  crushing  and  grinding  action.  This 
operation  lasts  about  four  hours.  Before  grinding  under  the  edge-runners, 
about  10  per  cent  of  water  is  added  to  the  powder  to  reduce  the  danger 
of  explosion  by  friction.  In  spite  of  all  precautions  the  mass  frequently 
explodes  and  for  this  reason  no  person  is  allowed  in  the  grinding  room 
while  the  runners  are  in  motion,  the  mills  being  started  and  stopped  from 
a  distance. 

After  the  grinding  is  complete  the  mass  is  pressed  into  sheets,  and  the 
sheets  subjected  to  further  pressure  and  consolidation  in  a  hydraulic  press. 
The  pressure  employed  in  these  hydraulic  presses  varies  from  100  to  110 
atmospheres,  the  powder  remaining  in  th«  press  for  from  one-half  to  two 
hours.  Sporting  powders  are  pressed  so  as  to  obtain  a  specific  gravity 
of  1.7  or  1.8,  while  the  specific  gravity  of  blasting  powders  is  only  about 
1.5. 

The  cakes  are  next  broken  up  and  the  fragments  passed  through 
sieves  of  different  mesh,  which  sort  the  material  into  grains  of  uniform 
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sizes,  the  grains  ranging  from  0.3  millimeter  to  1.8  millimeters  in  longe>t 
dimension.  The  next  step  is  to  remove  the  greater  part  of  the  added  water 
by  means  of  dry  air  at  a  moderate  temperature.  When  the  naoisture 
hsa  been  reduced  so  that  the  powder  contains  from  1.5  to  3  per  cent, 
depending  on  the  grade,  it  is  again  sifted  so  as  to  remove  dust,  which  L? 
returned  to  the  grinding  mill.  The  powder  is  then  polished  by  rotating 
in  wooden  drums.  This  serves  to  rub  off  sharp  comers.  After  a  further 
sifting  to  remove  dust,  the  powder  is  polished  by  shaking  in  the  drum  with 
a  small  quantity  of  graphite.  Different  grades  of  powder  may  be  blendetl, 
as  required,  after  which  the  finished  product  is  packed  for  the  market  in 
air-tight  packages. 

Chemistry  of  Black  Powder  Explosions.  The  action  of  black  |x>wder 
as  an  explosive  depends  on  the  fact  that  on  ignition  the  carbon  and  sul- 
phur are  rapidly  burned  at  the  expense  of  the  oxygen  of  the  potassium 
nitrate,  whereby  large  volumes  of  gas  are  liberated.  The  temperature 
of  combustion  being  very  high  the  gas  tends  to  increase  enormously  in 
voliune;  and  if  the  space  in  which  the  combustion  takes  place  is  limited,  it 
exerts  an  enormous  pressure  and  hence  is  able  to  rend  obstructions,  or 
propel  shot.     The  ideal  reaction  of  decomposition  of  black  powder  is: 

3KN03+3C+S  =  K2S+N2+3C02. 

But  the  products  of  decomposition  vary  greatly  under  different  con- 
ditions. In  general,  black  powder  in  decomposing  gives  off  about  43 
per  cent  of  its  weight  of  gaseous  products  and  57  per  cent  of  solid  pnxl- 
ucts.  Thus  more  than  one-half  of  the  products  of  decomposition  con- 
tribute nothing  directly  to  the  force  of  explosion.  This  is  one  of  the 
reasons  why  black  powder  is  one  of  the  least  effective  explosives  in  genenil 
use. 

Explosives  Similar  to  Black  Powder.  A  large  number  of  mixtures 
similar  to  black  powder  have  recently  been  introduced.  Sodium  nitrate 
is  sometimes  used  in  blasting  powders  instead  of  potassium  nitrate  as  the 
oxygen  carrier.  Such  powders,  however,  are  of  limited  applicability  ou 
account  of  the  readiness  ^\^th  which  sodium  nitrate  absorbs  moisture. 

Powders  containing  potassium  chlorate  as  oxygen  carrier  are  much 
more  powerful  than  powders  containing  nitrates,  but  on  account  of  th^* 
sensitiveness  of  these  chlorate  mixtures  they  are  uncertain  in  their  action 
and  dangerous  to  handle.  The  manufacture  or  sale  of  such  powders  is 
forbidden  in  most  countries. 

A  very  powerful  explosive  known  as  "  ammonal "  is  extensively 
used  in  Europe.  This  consists  of  a  mixture  of  finely  pulverized  metallic 
aluminium  and  ammonium  nitrate,  which  ideally  decomposes  according 
to  the  equation: 

2AH-NH4N03  =  Al203+2N2+3H20+H2. 
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Unlike  black  powder,  ammonal  cannot  be  set  off  by  simple  ignition^ 
but  must  be  exploded  by  a  shock  from  the  explosion  of  a  priming  charge 
of  some  fulminant,  such  as  mercury  fulminate. 

Nitrocellulose.  Nitrocellulose,  or  more  properly  sp)eaking,  cellulose 
nitrate,  is  now  the  chief  material  used  in  the  manufacture  of  military 
and  sporting  powders  throughout  the  world.  In  conjunction  with  cam- 
phor and  other  substances  it  is  also  largely  used  in  making    celluloid. 

Nitrocellulose,  is  not  a  nitro-compound,  as  chemists  now  understand 
that  term,  but  is  a  true  nitrate  in  which  the  hydroxyl  groups  of  the  cellu- 
lose molecules  have  been  replaced  by  the  nitrate  radicle  (NO3).  The 
inaccurate  designation,  nitrocellulose,  which  was  given  to  the  substance 
by  its  early  investigators  has  however  been  so  long  in  use  that  it  is  not 
likely  to  be  supplanted  by  the  more  correct  term.  Nitrocellulose  is  man- 
ufactured by  subjecting  cellulose  to  the  action  of  strong  nitric  acid  under 
certain  definite  conditions. 

Raw  Materials  of  Nitrocellulose  Manufacture.  The  raw  materials 
used  in  making  nitrocellulose  are  cellulose  (in  the  form  of  wood  pulp, 
tissue  paper,  cotton  wool,  or  cotton  wastes  from  spinning  mills)  and 
sulphuric  and  nitric  acids.  For  making  nitrocellulose  to  be  used  in  the 
cheaper  grades  of  celulloid  and  in  certain  cheap  commercial  explosives, 
wood  pulp  or  paper  may  be  used.  For  making  smokeless  powders  for 
military  use,  only  the  best  and  purest  forms  of  cellulose  can  be  employed, 
such  as  cleaned  and  bleached  cotton  wool  and  spinning  mill  wastes. 
The  so-called  delint  cotton  is  mostly  employed. 

Preliminary  Treatment  of  the  Cellulose.  The  cotton  wool  or  wastes 
must  first  be  deprived  of  all  impurities  such  as  oil,  fat,  or  dirt.  This  is 
done  l)y  boiling  with  dilute  alkali.  This  treatment  is  next  followed 
by  light  bleaching  by  means  of  calcium  hj'pochlorite,  for  the  purpose 
of  removing  lignin  substances  that  form  unstable  nitrates  which  would 
impair  the  stability  of  the  product.  Too  vigorous  a  bleaching  is  to  be 
avoided,  as  otherwise  hydrocelluloses  or  oxy-celluloses  would  result 
and  give  rise  to  unstable  nitrates. 

Before  the  bleached  cotton  is  subjected  to  the  nitration  it  is  ciried 
so  as  to  reduce  its  moisture  content  below  1  per  cent.  For  this  result 
exposure  to  a  temperature  of  105°  C.  for  several  hours  is  usually  necessary. 

The  Process  of  Nitration.  Nitrocellulose  is  not  a  definite  compound 
of  invariable  composition  like  calcium  nitrate.  The  cellulose  molecule 
can  be  made  to  take  up  about  14  per  cent  of  nitrogen,  but  below  this 
maximum  products  of  many  degrees  of  nitration  can  be  obtained. 
Products  of  similar  nitrogen  content  prepared  under  closely  similar 
conditions  may  differ  widely  in  properties.  For  this  reason  practical 
operations  have  to  be  carried  on  with  great  attention  to  detail. 

The  process  of  manufacture  in  outline  consists  in  dipping  the  cotton 
into  a  mixture  of  strong  nitric  and  sulphuric  acids,  allowing  to  stand  for 
a  short  time,  and  then  removing  the  acid  and  purifying  the  nitrocellulose. 
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The  degree  of  nitration  and  the  properties  of  the  product  are  dependent 
on  the  temperature  of  nitration,  duration  of  the  action  of  the  acids,  ratio 
of  the  mass  of  cotton  to  the  mass  of  acids,  and  relative  proportions  of 
sulphuric  acid,  nitric  acid,  and  water  in  the  acid  mixture.  A  variation 
in  any  one  of  these  factors  affects  the  degree  of  nitration. 

Nitrocellulose  for  use  in  military  smokeless  powders  is  made  by  nitrat- 
ing cotton  at  30°  C.  with  a  mixed  acid  containing  63  parts  sulphuric  acid, 
22  parts  nitric  acid  and  53  parts  of  water.  A  nitrocellulose  thus  made 
will  have  a  nitrogen  content  of  from  12.50  to  12.70  per  cent  and  will  he 
completely  soluble  in  a  mixture  of  2  parts  of  ether  and  1  part  of  alcohol. 
Nitrocellulose  of  over  12.75  per  cent  is  generally  insoluble  in  the  ether- 
alcohol  mixture.  Nitrocellulose  containing  13.10  to  13.40  per  cent  of 
nitrogen  is  chiefly  used  for  small  arm  powders  and  submarine  mines. 
Nitrocellulose  for  use  in  celluloid  manufacture  and  for  making  artificial 
silk  contains  from  8  to  11  per  cent  of  nitrogen. 

There  are  several  forms  of  apparatus  used  in  the  operation  of 
nitrating.  The  most  general  practice  is  to  conduct  the  operation  in  a 
lead-lined  iron  pot  or  centrifuge.  The  mixed  acid  of  the  desired  strength, 
which  has  been  warmed  to  the  required  temperature,  is  run  in  through 
a  pipe  leading  from  the  acid  reservoir,  and  the  requisite  amount  of  cotton 
is  submerged  in  the  acid.  The  bowl  of  the  centrifuge  is  then  covered  and 
allowed  to  stand  undisturbed  for  the  requisite  length  of  time.  The  fumes 
given  off  during  the  reaction  are  led  away  through  a  wide  pipe.  At 
the  end  of  the  nitration,  the  centrifuge  is  set  in  motion  and  the  excess  of 
acid  removed  from  the  nitrated  product  by  centrifugal  force.  The 
nitrocellulose  is  taken  out  of  the  bowl  with  pitchforks,  thrown  into  lai^ 
tanks  filled  with  water,  whereupon  the  centrifuge  is  ready  for  a  new  charge. 

The  reaction  whereby  nitrocellulose  is  formed  from  cellulose  and 
nitric  acid  is  as  follows : 

C24H4o02o+nHN03  =  C24H4o-n02o(N02)». 

In  this  equation  n  represents  any  number  between  1  and  11. 

The  sulphuric  acid,  which  constitutes  more  than  three-fifths  of  the 
acid  mixture,  takes  no  direct  part  in  this  reaction,  its  function  being  to 
absorb  the  water  resulting  from  the  chemical  process,  thereby  keeping 
the  nitric  acid  up  to  its  full  strength.  This  is  the  usual  explanation  of 
the  reason  for  using  sulphuric  acid,  although  it  may  not  be  the  true  one. 

Purifying  the  Nitrocellulose.  The  nitrocellulose  requires  thorough 
purification  in  order  to  prevent  it  from  undergoing  spontaneous  decom- 
position at  some  later  period  of  use  or  storage.  To  effect  this  purification 
it  is  repeatedly  washed  and  boiled  with  clean  water;  but  a  simple  boiling, 
even  if  prolonged,  is  not  sufficient.  The  cotton  fibre  is  hollow,  and  in 
this  hollow  space  traces  of  acid  and  by-products  may  remain  to  cause 
trouble  later  on.  To  insure  the  complete  removal  of  these  impurities 
the  crude  nitrocellulose,  after  a  preliminary  boiling,  is  finely  pulped  in  a 
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"  beater,"  very  much  like  the  "  beaters  '*  used  in  paper  mills,  after  which 
it  is  repeatedly  boiled  and  washed  in  fresh  water. 

The  attainment  of  a  satisfactory  degree  of  purification  is  recognized 
by  heating  a  sample  of  the  product,  contained  in  a  test  tube  in  which  is 
suspended  a  strip  of  filter  paper  which  has  been  dipped  in  a  solution  of 
potassium  iodide  and  starch  to  65°  C.  If  no  iodine  is  liberated  within 
sixty  minutes,  the  nitrocellulose  is  regarded  as  stable;  otherwise  the^washing 
and  boiling  must  be  continued.  The  whole  process  of  boiling,  washing, 
and  pulping  usually  requires  several  days. 

When  finally  purity  has  been  obtained  the  nitrocellulose  is  usually 
worked  immediately  into  the  finished  products.  Where  such  working 
up  cannot  be  at  once  proceeded  with  it  is  kept  under  water,  or  in  a  very 
moist  state,  to  obviate  the  danger  of  explosion.  If  it  has  to  be  dried, 
this  operation  must  be  conducted  with  care  for  the  same  reason.  Nitro- 
cellulose is  seldom  stored  or  transported  unless  it  contains  at  least  15  per 
cent  of  water.  In  outward  appearance  nitrocellulose  does  not  differ  from 
the  cotton  from  which  it  is  made,  except  that  is  has  a  somewhat  harsher 
feel. 

The  Displacement  Process  of  Nitration.  A  more  recent  process  of 
nitrating,  one  which  in  many  respects  is  more  advantageous  than  nitrating 
in  centrifuges,  is  the  displacement  process.  Fig.  329  is  a  schematic  diagram 
showing  in  principle  the  construction  of 
an  apparatus  of  this  type.  The  circular 
stoneware  vessel  A^  having  a  conical 
depression  at  the  bottom  from  which 
leads  the  pipe  B,  is  provided  with  a 
perforated  stone  false  bottom  F,  on 
which  the  cotton  to  be  nitrated  is 
placed.     By  a  suitable  arrangement  of  ^ 

pipes,  mixed  acid  is  admitted  into  the 
vessel  until  the  cotton  is  covered  with  it. 
The  cotton  is  kept  submerged  beneath 
the  acid  by  the  weight  of  the  movable 
cover    D,   which  is   also   perforated. 

Over  the  opening  of  B  there  is  a  fine  sieve  to  catch  particles  which  pass 
through  the  perforated  bottom  of  the  vessel.  After  the  apparatus  has 
been  filled  with  cotton  and  acid  and  the  movable  cover  is  in  position, 
a  small  quantity  of  water  is  poured  over  the  surface  for  the  purpose 
preventing  the  escape  of  fumes.  This  water  comes  in  contact  with  the 
acid  only  at  the  edges  and  in  the  perforations  of  D,  Under  these 
circumstances  the  acid  and  water  remain  in  sharply  separated  layers. 
The  vessel  and  its  contents  are  now  left  to  themselves  for  about  an 
hour,  when  the  stop-cock  is  opened  and  the  acid  allowed  to  flow  off  slowly 
by  gravity,  water  being  led  in  at  the  top  as  fast  as  the  acid  flows  away 
at  the  bottom,  until  the  acid  has  been  completely  displaced  from  the  appa- 
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Fig.  329. — Nitrating  vessel  used  in 
displacement  process  of  making 
guncotton. 
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lighter  fipeciBc  gravity  than  the  mixed  acids,  the  nitroglycerin  collwt^  at 
the  top.  c  is  a  vessel  into  which  the  s(>parated  nitroglycerin  is  dranTi  ami 
given  a  first  washing  to  remove  most  of  the  adhering  acids,  d  is  a.  safety 
tanlt  full  of  water  into  which  the  contents  of  a  or  6  may  be  dumped  wb^n- 
ever  it  appears  to  the  workman  in  charge  that  the  nitroglycerin  contsincii 
in  these  vessels  is  about  to  decompose  with  violence.  The  probability 
of  such  a  contingency  is  observed  by  a  sudden  rise  in  temperature  ami 
the  appearance  of  dense  red  fumes.  When  the  nitrating  mixture  givf~ 
such  indications  prompt  action  is  necessarj'  to  save  life  and  property. 


Fio.  331. — Nitrating  vessel  ot  a  small  dynamite  factory. 

According  to  the  equation  given  above,  2.15  parts  of  nitric  acid  ''>' 
per  cent  strength)  is  sufficient  for  complete  nitration  of  the  glycorin 
As,  however,  complete  nitration  is  not  attained  except  in  the  presence  ■  ' 
an  excels  of  nitric  acid,  and  not  then  except  in  the  presence  of  much  sul- 
phuric acid,  it  is  usual  to  employ  the  following  proportions:  glyceri:: 
1  part;  nitric  acid,  2.8  to  3  parts,  and  sulphuric  acid  4.6  to  4.8  pan- 
The  yield  of  nitroglycerin  may  he  increased  by  adding  more  nitric  acii 
but  in  general  the  theoretical  yield  is  never  reached.  According  to  ti: 
relative  prices  of  glycerin  and  nitric  acid  the  proportions  of  these  matt-rial- 
may  be  varied  to  confonn  to  the  limits  of  economical  production. 
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Fig.  331  shows  the  nitrator,  and  Fig.  332  the  washing  vessels  of  a 
small  plant  for  nitrating  glycerin.  This  plant  will  use  for  one  charge  4000 
pounds  of  a  mixed  acid  consisting  of 

35.5  per  cent  of  nitric  acid; 
62  per  cent  -sulphuric  acid; 
2.5  per  cent  of  water; 

into  which  is  run  635  pounds  of  glycerin,  the  temperature  during  this 
operation  being  maintained  at  about  65"  F.    The  run  should  be  com- 


FiG.  332. — Tanks  in  which  nitro;  lytvrine  is  washed. 

ploted  in  less  than  forty  minutes.     Under  present  conditions,  these  mate- 
rials will  yield  1400  pounds  of  nitroglycerin. 

The  nitroglycerin  after  separation  from  the  acid  is  first  washed  twice 
with  small  amounts  of  water,  using  compressed  air  for  the  mixing.  It 
is  then  washed  with  a  weak  solution  (not  exceeding  1  per  cent)  of  sodium 
carbonate,  this  salt  being  added  to  the  wash  water  a  little  at  a  time. 
The  object  of  using  the  sodium  carbonate  is  to  neutralize  the  acid  which 
may  not  have  been  removed  by  the  wash  water.  This  treatment  is  then 
followed  by  a  thorough  washing  with  pure  water  at  a  temperature 
below  90°  F.  to  remove  the  alkali,  no  trace  of  which  should  remain.  The 
point  at  which  the  washing  may  be  regarded  as  complete  is  recognized 
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by  the  potassium  iodide-starch  test,  as  described  under  nitrocellulose. 
In  this  test  no  iodine  should  be  liberated  within  twenty  minutes  at  a  Xem- 
perature  of  170°  F.,  otherwise  the  washing  must  be  continued  until  a 
satisfactory  t^st  has  been  obtained. 

Dynamite.  Nitroglycerin  is  a  heavy  oily  liquid  and  in  this  form  ha^ 
but  a  limited  applicability.  For  convenience  in  use  it  must  be  put  intn 
a  form  wherein  it  may  be  easily  handled.  This  is  done  by  causing  it  t*i 
be  absorbed  by  various  porous  bodies,  such  as  infusorial  earth,  or  kieselgiihr. 
which  can  be  made  to  absorb  three  times  its  weight  of  nitrogl3'cerin. 
Such  a  mixture  of  nitroglycerin  and  kieselguhr  forms  an  earthy,  friabl*- 
mass,  which  can  be  loaded  into  paraffined  pap)er  cartridges  and  is  sold 
under  the  name  of  75  per  cent  dynamite,  or  No.  1  giant  powder.  Thi-s 
is  the  original  dynamite  as  manufactured  by  its  inventor,  Nobel. 

A  disadvantage  of  kieselguhr  dynamite  is  that  it  contains  25  per  cent 
or  more  of  its  weight  of  inert  matter,  whereby  its  strength  as  an  explosive 
is  correspondingly  reduced.  On  this  accoimt  the  original  dynamite  ha? 
been  improved  by  the  choice  of  other  absorbent  agents.  The  dynamite 
now  mostly  used  consists  of  15  per  cent  of  wood  pulp  (sometimes  jmrtly 
nitrated),  33  per  cent  of  nitroglycerin  and  55  per  cent  of  sodium  nitrate 
or  ammonium  nitrate.  The  wood  pulp  serves  to  absorb  the  nitroglycerin. 
but  this,  as  in  the  case  of  kieselguhr,  means  the  introduction  of  an  inert 
material  into  the  explosive.  The  wood  pulp,  however,  unlike  the  kiesel- 
guhr, contains  carbon  and  hydrogen,  which  can  combine  explosively  with 
oxygen  under  appropriate  conditions.  These  conditions  are  supplier) 
by  the  presence  of  sodimn  nitrate,  which  here  serves  the  same  purpo^< 
of  oxygen  carrier  as  does  potassium  nitrate  in  black  powder. 

Dynamites  are  generally  classified  according  to  the  amount  of  nitnv 
glycerin  content.  Thus,  a  50  per  cent  dynamite  means  a  djTiamite 
containing  50  per  cent  of  nitroglycerin. 

.  Gelatin  Dynamite.  Nitroglycerin  has  the  property  of  dissohing 
nitrocellulose  to  a  limited  extent.  A  mixture  of  approximately  9  part^ 
of  nitroglycerin  and  1  part  of  nitrocellulose  forms  a  clear,  jelly-like  ma^ 
containing  no  inert  matter,  which  constitutes  a  powerful  explosive.  The 
name  gelatin  dynamite  is  applied  to  this  product  on  account  of  its  jelly- 
like consistency,  and  not  because  it  contains  gelatin. 

Low  Freezing  Dynamites.  An  undesirable  property  of  nitroglycerin, 
whether  alone  or  mixed  with  inert  substances,  is  that  it  solidifies  at  com- 
paratively mild  temperatures.  When  so  frozen  it  is  less  sensitive  to  shock 
and  is  less  apt  to  be  completely  exploded  when  set  off  in  a  blast.  For 
this  reason  frozen  dynamite  must  be  thawed  out  before  use.  Much 
attention  has  been  devoted  to  attempts  to  obviate  this  inconvenience, 
and  in  recent  times  these  efforts  have  resulted  in  various  new  modifica- 
tions of  dynamite.  The  most  direct  treatment  is  to  add  some  substance, 
such  as  mononitrobenzene  or  dinitrobenzene  to  the  nitroglycerin  with 
the  object  of  reducing  its  freezing  point.     More  satisfactorj-  results  ha\'e 
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been  obtained  by  the  manufacture  of  other  nitration  products  of  glycerin. 
Of  these  may  be  mentioned  the  following: 

Dinitroglycerin.  This  is  made  by  adding  10  parts  of  glycerin  (specific 
gravity  1.262),  with  cooling,  to  33  parts  of  nitric  acid  (specific  gravity 
1.50).  The  dinitroglycerin  is  recovered  from  this  mixture  by  di  uting 
with  water.  While  the  freezing  point  of  nitroglycerin  is  +11°  C,  that 
of  dinitroglycerin  is  —57°  C.  In  possessing  such  a  low  freezing  point, 
dinitroglycerin  has  a  distinct  advantage  over  trinitroglycerin,  although 
it  is  not  without  certain  other  disadvantages  besides  being  somewhat 
less  powerful  as  an  explosive. 

Tetranitrodiglycerin.  When  glycerin  is  boiled  for  some  time  there 
is  formed  a  substance  known  as  diglycerin,  which  consists  of  two  mole- 
cules of  glycerin  minus  one  molecule  of  water.  This  diglycerin  can  be 
nitrated  like  glycerin.  The  resulting  tetranitrate  also  has  a  low  freezing 
point.  Nitration  of  a  mixture  of  glycerin  and  diglycerin  also  gives  a  means 
of  making  low-freezing  dynamites. 

IXnitromonochlorhydrin  is  obtained  by  nitrating  monochlorhydrin, 
C3H5(0H)2C1.  An  addition  of  30  per  cent  of  dinitromonochlorhydrin 
to  nitroglycerin  makes  the  resulting  mixture  practically  unfreezable.  On 
account  of  the  presence  of  chlorine  in  this  substance  explosives  contain- 
ing it  cannot  be  used  in  mines,  or  other  closed  spaces,  as  it  makes  the  air 
irrespirable. 

Other  substances  which  have  been  used  in  the  manufacture  of  low- 
freezing  dynamites  are  dinitroacetin,  which  is  the  acetic  ester  of  dinitro- 
glycerin and  dinitroformine,  which  is  the  formic  ester  of  the  same 
substance. 

Aromatic  Nitro-compounds  used  as  Explosives.  Chief  among  these 
is  picric  acid,  C6H2(OH)(N02)3  which  is  the  trinitro  derivative  of  phenol 
(carbolic  acid).  It  is  made  by  heating  equal  parts  of  phenol  and  sulphuric 
acid  at  100-120°  C,  until  the  two  substances  have  imited  to  form  phenol- 
sulphuric  acid.  This  product  is  then  dissolved  in  double  its  weight  of 
water,  the  mixture  being  then  poured  into  concentrated  nitric  acid.  The 
resulting  picric  acid  is  separated  in  centrifuges.  Picric  acid,  either  as 
such  or  in  the  form  of  its  ammonium  salt,  is  used  as  a  bursting  charge  in 
armor-piercing  shells  for  guns  of  high  calibre.  The  famous  "  shimose  "  of 
the  Japanese  is  simply  picric  acid  in  compact  form,  obtained  by  melting 
and  pouring  into  the  shell.  The  reason  for  employing  picric  acid  in  shells 
is  that  besides  having  certain  other  desirable  properties,  it  is  the  most 
powerful  explosive  known. 

Picric  acid,  although  a  very  powerful  explosive  cannot  be  set  oflF 
except  through  shock  produced  by  special  means.  Its  salts,  other  than 
the  ammonium  salt,  are  much  more  easily  exploded  than  the  acid  itself. 

Trinitrotoluol  is  also  much  used  as  a  high  explosive  for  military  purposes. 
Trinitrobenzol,  trinitroanisol  and  other  substances  of  similar  constitution, 
have  been  used  for  the  same  purpose.    Picric  acid  and  trinitrotoluol  are 
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used  to  a  limited  extent  as  industrial  explosives,  but  are  considered  too 
expensive  for  general  use. 

Fulminants  or  Detonators.  Elxplosives  may  be  divided  into  two 
general  classes  according  to  the  means  required  to  set  them  off  or  bring 
about  their  decomposition  with  explosive  effect.  The  first  class  includes 
those  which  are  set  off  by  simple  ignition.  To  this  class  belong  black 
powder  and  nitrocellulose  When  a  lighted  match  is  applied  to  black 
powder,  the  part  first  heated  begins  to  burn  with  great  rapidity,  the  com- 
bustion being  supported  by  the  materials  contained  in  the  explosive  itself, 
i.e.,  there  is  induced  a  chemical  action  between  the  potassium  nitrate 
on  the  one  hand  and  the  carbon  and  sulphur  on  the  other.  The  resulting 
process  of  combustion  is  rapidly  propagated  throughout  the  mass  and 
there  is  suddenly  produced  a  large  volume  of  hot  gas  with  an  enormoas 
expansive  force.  Comparatively  speaking,  however,  the  wave  of  com- 
bustion in  black  powder  travels  at  a  low  speed.  The  force  of  the  explo- 
sion, therefore,  develops  slowly  and  its  rate  of  development  is  easil j*  capable 
of  measurement. 

The  second  class  of  explosives  here  considered  are  those  whose  explo- 
sive effects  are  not  developed  by  mere  ignition  Dynamite  and  picric 
acid,  for  example,  when  set  on  fire  under  certain  conditions  merely  bum, 
without  necessarily  producing  an  explosive  effect.  If,  however,  picric 
acid  or  nitroglycerin  (and  under  certain  conditions,  nitrocellulose  also\ 
be  confined  in  a  small  space  and  struck  a  sharp  blow,  there  is  set  up  an 
explosive  wave  of  decomposition,  distinct  from  the  wave  of  combustion. 
the  difference  between  the  two  being  that  the  former  is  propagated  with 
practically  immeasurable  velocity.  In  order  to  bring  about  the  maximum 
effect  of  such  an  explosive,  it  is  therefore  necessary  to  induce  an  explosive 
wave  in  its  mass,  and  this  in  practice  is  accomplished  by  the  use  of  a 
"  priming  charge,"  consisting  of  a  small  amount  of  some  explosive  which 
decomposes  with  extraordinary  velocity.  Such  primers  are  the  salts 
of  fulminic  acid,  the  most  important  being  mercury  fulminate.  So  great 
is  the  rate  of  decomposition  of  this  substance  when  heated  or  struck 
that  the  expansion  of  the  evolved  gas  has  the  effect  of  a  blow  delivereil 
by  a  mass  moving  at  a  velocity  infinitely  great.  The  shock  so  products! 
against  the  adjacent  mass  of  picric  acid  or  similar  body  is  translated  into 
a  wave  of  decomposition,  which  instantaneously  transforms  it  into  gaseous 
products. 

Mercury  fulminate  can  be  made  to  set  off  black  powder  and  all  other 
explosive  mixtures.  It  is  used  in  the  form  of  caps  or  detonators  n  prac- 
tically every  instance  where  an  explosion  is  to  be  brought  about,  whether 
for  industrial,  sporting,  or  military  purposes.  All  shells  used  in  modem 
warfare  carry  special  detonators  of  mercury  fulminate  for  setting  off  their 
bursting  charges. 

Mercury  fulminate  is  made  by  dissolving  mercury  in  nitric  acid  in  the 
presence  of  alcohol.    Its  manufacture  and  handling  are  very  dangerous. 
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When  the  pelts  of  animals  are  allowed  to  remain  moist  they  soon 
putrefy,  while  if  dried  they  become  hard  and  honiy.  To  obviate  these 
conditions,  certain  processes  known  as  tanning  are  employed.  The 
object  of  this  treatment  is  to  convert  the  putrescible  animal  matter  into 
a  material  which  is  permanent,  and  at  the  same  time  possessing  sufficient 
softness  or  flexibility  for  the  purposes  for  which  it  is  intended.  As  these 
range  from  heavy  sole  leather  to  light  kid,  there  are  wide  divergences 
in  the  processes  employed,  materials  used,  and  the  methods  of  their 
application. 

Structure  of  the  Skin.  The  skins  of  the  various  animals  at  first  glance 
seem  to  have  very  little  in  common;  on  closer  examination,  however, 
it  will  be  seen  that  they  all  have  a  similar  structure,  though  on  account 
of  the  difference  in  texture  and  thickness  their  practical  application 
differs  very  greatly.  The  skins  of  lizards,  alligators,  fishes  and  serpents 
differ  from  the  higher  animals  in  that  the  epidermis  becomes  harder  and 
forms  scales. 

The  skin  is  not  merely  a  covering  for  the  animal,  but  is  at  the  same 
time  the  seat  of  the  organs  of  sense  and  produces  certain  important  secre- 
tions. It  consists  of  two  principal  layers,  the  epidermis  (epithelium, 
cuticle)  and  the  corium  (derma,  cutis,  or  true  skin).  The  epidermis  is 
very  thin  as  compared  with  the  true  skin  which  it  covers,  and  is  entirely 
removed  preparatory  to  tanning;  it  nevertheless  possesses  important 
functions.  Its  inner  mucous  layer,  which  rests  upon  the  true  skin,  is 
soft,  and  composed  of  living  nucleated  cells,  which  multiply  by  division 
and  form  cell-walls  of  keratin.  These  are  elongated  in  the  deeper  layers, 
and  gradually  become  flattened  as  they  approach  the  surface,  where  they 
dry  up,  and  form  the  homy  layer.  This  last  is  being  constantly  worn 
away,  thrown  off  as  dead  scales  of  skin,  and  as  constantly  renewed  from 
below,  by  the  multiplication  of  the  cells. 

It  is  from  the  epithelial  layer  that  the  hair,  as  well  as  the  sweat  and 
fat  glands,  are  developed.  Each  hair  is  surrounded  by  a  sheath  which 
is  continuous  with  the  epidermis,  and  in  which  the  young  hair  usually 
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grows  as  the  old  one  falls  out.  Near  the  openings  of  the  hair-sheath  upon 
the  surface  of  the  skin  the  ducts  of  the  sebaceous  or  fat  glands  pass  into 
the  sheath  and  secrete  a  sort  of  oil  to  lubricate  the  hair.  The  base  of 
the  hair  is  a  bulb,  enclosing  the  hair  papilla,  which  is  a  projecting  knoi* 
of  the  true  skin  and  which  bv  means  of  the  blood-vessels  contained  in  it 
supplies  nourishment  to  the  hair.  The  hair  bulb  is  composed  of  round 
soft  cells,  which  multiply  rapidly,  and  pressing  upward  through  the  hair 
sheath,  become  hardened,  thus  increasing  the  length  of  the  hair. 

The  process  of  development  of  the  sudoriferous  or  sweat  glands  h 
very  similar  to  that  of  the  hair.  They  consist  of  more  or  less  convoluteti 
tubes  with  walls  formed  of  longitudinal  fibers  of  connective  tissue  of  the 
corium,  lined  with  a  single  layer  of  large  nucleated  cells,  which  secrete 
the  perspiration. 

Besides  the  hair,  and  hair-sheaths,  and  the  sebaceous  and  sudoriferous 
glands,  the  epidermis  layer  produces  other  structures  of  a  homy  character, 
including  horns,  claws,  and  nails;  which  both  chemically  and  anatomically 
are  analogous  to  exaggerated  hairs.  This  is  apparent  in  the  quills  of  the 
porcupine.  The  whole  of  the  epidermis,  together  with  the  hairs,  b 
separated  from  the  corium  by  an  exceedingly  fine  membrane,  called  the 
hyaline  or  glassy  layer.  This  forms  the  very  thin  grain  surface  of 
tanned  leather,  which  is  of  a  structure  different  from  the  rest  of  the  corium. 

The  structure  of  the  corium  or  true  skin  is  quite  different  from  that 
of  the  epidermis.  It  is  composed  principally  of  interlacing  bundles  of 
fibers,  known  as  connective  tissue,  which  are  cemented  together  by  a 
substance  more  soluble  than  the  fibers  themselves.  These  fiber-bundles 
are  more  loosely  interwoven  in  the  middle  portion  of  the  skin,  but  become 
compact  again  near  the  flesh.  The  outermost  layer,  just  beneath  the 
epidermis,  is  also  verj^^  close  and  compact.  The  skin  is  united  to  the 
animal  by  a  network  of  connective  tissue  {pannicvlus  adiposus),  which  k 
frequently  full  of  fat  cells,  and  is  then  called  adipose  tissue.  This  portion, 
together  with  some  actual  flesh,  is  removed  in  the  process  of  fleshing. 

Ordinarily  the  corium  or  true  skin  is  the  only  portion  which  is  use^J 
in  the  production  of  leather.  In  order  to  obtain  it  in  a  suitable  condition 
for  the  various  tanning  processes,  the  hair  or  wool,  together  with  thf 
epithelium,  must  be  completely  removed  without  damaging  the  skin 
itself;  and  especial  care  must  be  taken  that  the  grain,  or  portion  next  the 
epidermis,  does  not  suffer  injury  during  the  treatment. 

Classification  of  Pelts.  The  pelts  of  animals  come  to  the  tanner  in 
three  conditions  as  green  (fresh  from  the  animal),  salted  (where  salt  hi^ 
been  rubbed  on  the  flesh  side),  or  dried  (usually  stretched  on  boards  in 
the  sun).  The  pelts  so  received  are  divided  according  to  their  size  into 
three  general  classes,  namely:  hides,  comprising  the  skins  from  lai:ge 
and  fully  grown  animals,  such  as  the  cow,  horse,  camel,  walrus.  These 
form  thick  heavy  leather,  used  for  shoe  soles,  machinery  belting,  and  other 
purposes  where  stiffness  and  strength,  combined  with  wearing  qualities 
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are  necessary.  They  are  also  cut  into  splits  for  use  as  shoe  uppers,  bag 
and  case  leather,  automobile  and  carriage  tops,  furniture  and  upholster- 
ing. Kips  are  the  skins  of  undersized  animals  of  the  above  species. 
Skins  are  obtained  from  small  animals,  such  as  calves,  sheep  and  goats. 
Kips  and  skins  yield  a  lighter  leather  than  hides.  This  is  suitable  for  a 
great  variety  of  purposes,  such  as  uppers  for  shoes,  pocket  books,  book 
bindings,  gloves  and  fancy  leather.  Pelts  vary  in  thickness  and  texture 
in  different  parts,  being  thicker  on  the  neck  and  butt  than  on  the  flank 
and  belly.  The  same  species  vary  greatly,  according  to  climatic  conditions 
under  which  they  are  raised,  and  to  their  breeding  and  feed.  They  often 
show  injury  such  as  cuts,  brand  marks,  and  sores  caused  by  the  bot-fly  or 
warble.  Diseased  hides  are  a  source  of  great  danger  to  the  tanner  on 
account  of  the  contagious  nature  of  some  of  the  diseases,  especially 
anthrax. 

Soaking.  Whether  the  skins  are  green,  salted,  or  dried  they  must 
first  be  soaked  in  water  in  order  to  remove  the  dirt  and  blood  in  the  case 
of  green  skins,  salt  in  the  salted  skins,  and  for  the  purpose  of  softening 
in  the  case  of  dried  skins.  It  is  ver^^  essential  that  the  skins  should  be 
free  from  all  foreign  matter  before  entering  the  limes  or  other  unhairing 
solutions,  as  the  presence  of  salt  greatly  retards  the  plumping;  while  the 
presence  of  albuminous  matter  is  apt  to  set  up  an  undesirable  fermenta- 
tion in  the  after  treatments.  When  perfectly  soft  and  well  washed  the 
skins  are  removed  from  the  soaks,  thrown  over  a  rounded  beam,  tails 
and  ear-laps  trimmed,  and  any  adhering  portions  of  flesh  removed. 

The  time  of  soaking  varies  from  one  or  two  days  to  several  weeks, 
depending  upon  the  thickness  of  the  hide  and  the  age  and  temperature 
of  the  soak.  Putrid  soaks  soften  much  quicker  than  fresh  ones;  but  great 
care  is  necessary  in  using  them  lest  the  decomposition  attack  the  hide 
fiber  itself.  For  heavy  hides  which  soften  very  slowly  it  is  found  to  be  of 
advantage  to  run  in  a  drum  for  a  short  time  with  water  at  a  temperature 
of  about  40°  F.,  the  tumbling  movement  thus  materially  aiding  in  the 
softening  process. 

Water  for  Tannery  Purposes.  Water  is  used  in  the  tanner}'  for  soaking 
and  washing,  for  making  limes,  for  preparing  bates  or  puers,  for  the 
leaching  of  barks  and  the  solution  of  extracts,  for  steam  boilers,  and  in 
dyeing.  For  all  of  these  purposes  it  is  evident  that  the  water  should  be 
as  pure  as  possible.  Either  the  tannery  must  be  located  in  a  section  where 
a  good  water  supply  is  available,  or  chemical  means  must  be  used  to 
soften  it.  The  most  objectionable  features  of  a  Vjad  water  supply  are  its 
temporary  and  permanent  hardness.  These  may  both  be  removed  by 
treating  mth  a  proper  softening  agent,  such  as  sodium  carbonate.  The 
treatment  should  be  carried  out  in  tanks  and  the  sludge  allowed  to  settle 
before  use.  A  small  amount  of  hardness  is  not  harmful,  however,  and 
up  to  ten  parts  of  solids  per  hundred  thousand  it  may  be  disregarded. 
Water  possessing  temporary  hardness  will  cause  the  following  objection- 
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able  conditions.  When  employed  for  leaching  the  calcium  and  magnesiuiu 
carbonates  in  it  combine  with  the  tanning  to  form  an  insoluble  substanc** 
which  has  no  tanning  properties.  In  dissolving  basic  dyes  with  this  kin! 
of  water  there  is  a  precipitation  of  the  color  base,  thus  rendering  part  c,i 
the  dye  useless.  Further,  as  this  precipitate  is  deposited  on  the  skin  :: 
causes  uneven  dyeing  and  gives  rise  to  spots  and  streaks. 

Permanent  hardness  is  ver}'  objectionable  when  employed  for  boDtr 
purposes,  but  otherwise  is  not  so  harmful  as  temporary  hardness.  The 
presence  of  calcium  and  magnesium  sulphates  is  usually  the  cause  of 
permanent  hardness,  and  these  salts  being  already  combined  with  a  stronc 
acid  can  have  no  action  upon  the  tannic  acid  during  the  process  of  leaching. 
There  might  possibly  be  a  slight  tendency  to  lessen  the  solubility  of  th*- 
tannings,  however,  but  this  could  be  overcome  by  softening  in  the  ca.v 
of  water  with  a  high  degree  of  hardness.  One  danger  in  using  a  watf  r 
containing  calcium  and  magnesium  sulphates  arises  during  the  proct'>< 
of  scouring  and  fat-liquoring,  as  one  part  of  lime  reckoned  as  carl>onatt' 
destroys  twelve  parts  of  soap,  producing  a  sticky  and  insoluble  lime  j?oa]» 
which  adheres  to  the  fiber,  and  is  verv  difficult  to  remove. 

Mud  under  any  circumstances  is  ol)iectionable,  as  it  usually  contain^ 
organisms  which  encourage  the  putrefaction  of  hides  during  the  soaking 
process.  It  also  almost  always  holds  iron,  which  either  produces  staii> 
or  gives  a  dark-colored  leather.  Sodium  sulphate  is  probably  inoperativt\ 
Sodium  chloride,  on  the  other  hand,  prevents  plumping,  and  may  Ix* 
the  cause  of  thin  and  soft  leather,  and  in  large  amounts  will  greatly  impeil'- 
the  proper  exhaustion  of  many  tanning  materials. 

Depilation.  By  the  term  depilation  is  meant  the  removing  of  tlv 
hair  and  epidermis.  This  is  necessaiy  in  all  kinds  of  leather,  except  that 
to  be  used  for  furs.  The  former  method  of  accomplishing  this  was  Viy 
means  of  incipient  putrefaction.  In  this  case  the  soft  mucous  matter  uf 
the  epidermis  became  affected,  thus  loosening  the  hair  without  materially 
injuring  the  true  skin.  This  method  is  still  employed  by  many  tanners 
of  sole  leather,  and  is  called  sweating.  The  operation  is  carried  out 
in  closed  rooms,  which  are  kept  at  a  temperature  of  about  70*^  F.  The 
hides  are  hung  in  the  sweat  pit,  in  small  chambers  holding  about  10) 
hides  each.  A  large  quantity  of  ammonia  is  given  off  during  the 
decomposition,  which  aids  in  the  solution  of  the  epidermis  and  the  loosen- 
ing of  the  hair.  After  four  to  six  days  of  this  treatment,  the  hair  i^ 
sufficiently  loosened  tc  be  removed  by  working  over  the  beam  with  a 
blunt  knife  made  for  this  purpose.  Hides  which  have  been  unhaireil 
in  this  way  are  soft  and  fallen  and  must  first  be  swollen  by  running  in 
an  acid  liquor  before  entering  the  tanyard.  This  treatment  is  especially 
necessary  in  the  case  of  sole  leather.  However  carefully  this  operation 
is  conducted,  there  is  liability  that  the  putrefaction  attack  the  skin  itself, 
thus  causing  a  weak  grain;  for  this  reason  it  is  used  less  and  less  each 
year. 
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Liming.  Lime  is  the  agent  generally  employed  for  unhairing,  although 
it  also  has  its  disadvantages.  In  preparing  the  lime  solution  a  quantity 
of  fresh  lime  (calcium  oxide)  is  slaked  by  placing  in  a  shallow  tank, 
similar  to  that  used  by  builders,  and  adding  sufficient  water  to  thoroughly 
moisten  it.  At  the  end  of  one  or  two  hours  it  becomes  heated  and  falls 
to  a  pow^der.  Sufficient  water  is  added  to  form  a  thick  paste,  in  which 
condition  it  may  be  kept  for  several  weeks  or  even  months  without  much 
change.  When  required  for  use  a  suitable  amount  is  dug  out,  stirred 
with  water  to  remove  rocks,  and  then  run  into  the  pits.  As  only  the 
lime  in  solution  is  available  for  unhairing  the  addition  of  a  large  excess 
is  unnecessar}^  It  is  essential  simply  to  provide  a  surplus  of  solid  lime 
to  replace  that  taken  up  by  the  hide.  It  is  impossible  to  set  any  fast 
rule  as  to  the  quantity  of  lime  to  use,  but  a  safe  margin  is  10  pounds  of 
lime  for  each  100  pounds  of  hide. 

The  usual  method  of  liming  is  to  lay  the  hides  one  at  a  time  in  the 
lime  solution,  taking  care  that  each  hide  Ls  well  immersed  before  entering 
the  next  one.  The  hides  are  taken  out  (hauled)  each  day  and  the 
liquor  well  plunged  up,  in  order  to  distribute  the  undissolved  lime 
throughout  the  pit.  They  are  then  thrown  back  (set),  care  being  taken  to 
see  that  they  are  fully  spread  out.  In  some  tanyards  the  hides  are  joined 
])y  hooks  (toggled)  and  reeled  from  one  pit  to  another,  or  to  the  same 
pit.  Sometimes  hides  are  suspended  in  the  liquor,  and  by  means  of  a 
paddle,  or  by  blowing  in  air,  the  limes  are  kept  in  motion.  The  most 
common  method,  however,  where  it  is  desired  to  agitate  the  liquor,  is  to 
employ  the  ordinary-  paddle  box  and  run  it  at  intervals  during  the  day. 

The  action  of  lime  on  the  hide  is  to  swell  up  and  soften  the  epidermis 
cells,  dissolve  the  mucous  layer  and  loosen  the  hair  so  that  on  scraping 
with  a  blunt  knife,  both  the  epidennis  and  hair  are  easily  removed.  The 
action  on  the  true  skin  is  very  vigorous,  causing  the  hide  to  become 
plump  and  swollen,  and,  at  the  same  time  dissolving  the  cementing 
material  of  the  fibers,  thus  causing  them  to  become  split  up  into  finer 
fibrils.  This  swelling  is  probably  caused  by  the  formation  of  a  lime  soap, 
due  to  the  union  of  the  lime  with  the  fatty  matter  of  the  hide.  Not  only 
does  the  liming  process  remove  the  hair  and  epidermis,  but  it  also  is  of 
value  in  the  fleshing  process,  as  it  gives  to  the  hide  a  greater  firmness, 
which  is  verj''  desirable  when  working  with  the  knife  or  on  the  machine. 
The  time  of  liming  varies  with  the  season  of  the  year,  with  the  kind  of 
skins  treated,  and  may  run  from  three  to  fifteen  days.  The  age  of  the 
lime  has  a  great  influence  on  the  time  of  treatment  as  well  as  on  the  char- 
acter of  the  finished  product.  Old  limes  unhair  much  quicker  than  fresh 
ones.  It  is  often  customar}'^  to  place  the  hides  in  an  old  lime  for  several 
days,  or  until  the  hair  and  epidermis  have  started  to  loosen,  then  change 
them  to  a  fresh  lime,  which  produces  the  desired  plumping  of  the 
fibers.  Great  care,  however*,  must  be  taken  that  the  limes  do  not 
become  too  old;  as  this  condition  will  be  very  apt,  especially  in  hot 
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weather,  to  proiiucc  a  transparent  swelling  of  the  tissue  with  ctcstnictioD 
to  the  fiber. 

Sulphide  of  Arsenic.  Wh.n  tlic  red  sulphide  of  arsenic,  AsjSj,  is  dis- 
solved in  hot  water  and  added  to  lime  it  increases  its  depilating  effect. 
It  is  employed  especially  in  fine  leathers,  to  which  it  gives  the  necessan' 
stretch,  softness,  and  clearness  of  grain,  without  the  loss  of  hide-substani^ 
and  the  loosening  effect  caused  by  ordinarj'  timing.  The  amount  usui 
varies  somewhat,  but  may  be  sai<l  to  run  from  0.1  to  0.4  per  cent  of 
realgar  and  4  to  (i  per  cent  of  lime,  reckoned  on  the  weight  of  the  grctn 
skins. 

Sodium  Sulphide.  This  substance  when  employed  in  strong  solution. 
5  per  cent  or  over,  ha.s  the  effect  of  rapidly  reducing  the  hair  and  epidermi* 
to  a  sort  of  pulp,  which  maj'  l>e  easily  swept  off  with  a  broom,  or  even 
washed  off  in  the  drum.  The  operation  is  usually  conducted  in  a.  paddle. 
and  takes  about  two  hours  for  the  complete  removal  of  the  hair  and 
epidermis.  The  action  on  tlie  hidc-.substance,  and  especially  upon  the 
cementing  material,  is  very  slight,  although  the  grain  is  swollen  and 
temporarily  rendered  somewhat  tender.  .\s  this  strong  solution  destroy> 
the  hair  it  is  only  used  on  such  stock  as  goat  skins,  where  the  hair  is  of 
minor  importance.  On  the  other  hand,  when  useil  in  weak  solution^. 
0.2r>  per  cent  or  less,  in  conjunction  with  lime,  the  hair  is  but  little  injured, 
the  hail-roots  and  dirt  being  rapidly  loosened  with  a  result  somewhat 
similar  to  that  produced  by  arsenic  sulphide. 

Calcium  Sulphydrate.     This  compound  is  a  verj-  powerful  depilaton-, 

but  is  not  used  to  any  extent  on  account  of  its  unstable  character.     It  is 

probably   formed   to  some  extent   when  sodium  sulphide   and    arsenic 

sulphide  arc  added  to  lime.     It  may  be  producetl  by  passing  hydrogen 

sulphide  into  milk  of  lime  until 

the  latter  becomes  saturated. 

This  is  the  substance  largely 

sold  as  a  patent  depilatory*  for 

removing  superfluous  growtfc 

of  hair, 

Unhairiog.    When  the  pn- 
cess  of  depilation  is  comploi.' 
the  skins  or  hides  are  remove-i 
from  the  pita  and  allowetl  t-i 
drain  for  half  an  hourormore. 
They  are  then  placeil  on  thi- 
beam  and  the  hair  removed  a.* 
described  under  the  sweatinc 
process.     In  recent  years  various  machines  have  been  devised  to  accom- 
plish the  removal  of    the  hair,   and  these  have  been   brought  to  such 
perfection  that  the  ol<l  method  of  hand  work  has  betn  almost  entirely 
'  Turner  Tanning  Machinery  Co.,  Peabody,  Mass. 


Fio.  333.— Unhairing  Machine.' 
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eliminated  in  the  modem  tannerj'.     The  unhairing  machine  (Fig.  333)  is 
provided  with  a  spiral,  blunt  knife  which  revolves  on  a  rubber  roller. 

Fleshing.  After  being  unhaired,  the  skins  are  next  fleshed.  This 
operation  is  for  the  purpose  of  removing  any  fat  or  flesh  which  has  been 
left  on  the  pelt  by  the  butcher,  and  consists  in  working  the  hide  over  a 
beam  in  a  somewhat  similar  manner  to  that  described  for  unhairing, 
except  that  the  knife  employed  is  heavier  and  is  sharp  on  both  sides. 
In  nearly  all  modem  tanneries,  however,  the  beam  has  been  dbplaced  by 
machines  (Fig.  334)  for  the  purpose. 


Fig.  334.— Fleshing  Machine.' 

The  type  of  machine  cmplojcd  for  fleshing  skins  differs  somewhat 
from  that  used  for  hides,  although  the  operation  is  similar  in  each.  The 
essential  feature  of  the  machine  consists  in  a  cylinder  provided  with 
spiral  blades,  which  are  arranged  right  handed  on  one  side,  and  left  handed 
on  the  other,  By  means  of  this  kind  of  blade  the  flesh  is  easily  removed, 
and  the  hide  stretched  in  all  directions. 

Bating.  It  is  very  essential  that  the  lime,  or  other  depilating  agent^ 
should  be  completely  removed  when  it  has  done  its  work,  since  its  action 
is  very  haraiful  when  brought  in  contact  with  tanning  materials.  The 
presence  of  lime  also  has  a  tendency  to  weaken  the  fiber  and  to  produce 
a  harsh-feeling  product  as  well  as  to  cause  a  loss  in  the  materials  employed 
in  the  currying  and  finishing  processes.  *  For  most  leather  it  is  not 
only  necessarj-  that  the  lime  be  completely  removed,  but  that  the  skin 
should  be  brought  from  its  swollen  to  a  soft  and  open  condition.  To 
accomplish  this  with  the  heavier  classes  of  dressing  leather,  such  as  split 
hides,  kips,  colt  and  calfskins,  the  stock  is  run  into  a  weak  fermenting 
infusion  of  pigeon-  or  hen-manure,  The  time  of  immersion  depends  upon 
the  strength  of  the  liquor  and  upon  the  nature  of  the  pelts  under  treatment. 
'  Turner  Tanning  Machinery  Co.,  Pcabody,  Mass. 
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has  been  found  to  give  very  satisfactor}'  results.  Each  of  these  are  very- 
active  deliming  agents.  Ammonium  chloride  has  a  solvent  action  upon 
the  lime  and  is  used  in  many  of  the  patent  bates.  Boric  acid  is  rather 
widely  employed,  as  it  not  only  has  the  power  of  removing  the  depilating 
agent,  but  hastens  the  tannage,  gives  a  good  color  and  a  smooth 
grain. 

In  all  of  the  processes  where  chemicals  only  are  employed  the  results 
obtained  are  different  from  that  when  bacterial  bates  are  used. 

In  certain  kinds  of  leather  it  is  desirable  to  get  a  smooth  grain,  combined 
with  a  soft  and  open  condition.  This  can  be  best  secured  by  the  use  of 
manure,  or  some  of  the  more  recent  bates  which  depend  upon  bacterial 
fermentation  for  their  peculiar  property.  Among  the  manure  substitutes 
may  be  mentioned  "  Dermiformer,"  which  is  prepared  from  sQjir  milk 
with  the  proper  ferment.  This  substance  is  used  in  the  same  manner  as 
manure,  and  like  a  manure  bate  it  gives  the  best  results  in  a  warm  solution 
(90°  F.).  "  Puerine  "  is  much  used  in  this  countr\^,  and  may  be  employed 
alone  or  in  combination  with  manure.  "  Oropon  "  is  a  form  of  bacterial 
bate  which  has  recently  come  upon  the  market,  and  has  many  good  points 
which  should  commend  it  to  the  tanner.  The  "  Oakes  Process  "  is 
especially  applicable  where  a  smooth  grain  with  a  soft  and  open  condition 
is  desired.  It  depends  upon  the  fermentation  of  glucose  in  the  presence 
of  sulphur.  The  bate  is  prepared  at  a  temperature  of  95°  F.  with  5 
per  cent  of  glucose,  i  per  cent  of  sulphur,  and  1  pound  of  yeast  for  every 
1000  lbs.  of  hides  taken.  In  starting  the  bath  it  should  be  allowed  to 
stand  for  twenty-four  hours  before  the  first  pack  is  entered.  Once  under 
way  it  may  be  used  continuously  by  drawing  off  about  one-quarter  of 
the  solution  and  adding  one-half  of  the  original  amount  of  glucose  sulphur 
and  yeast. 

The  Tanning  Operation.  The  term  "  tanning  "  originally  was  applied 
to  the  treatment  of  hides  and  skins  with  some  vegetable  product  contain- 
ing tannic  acid.  With  the  introduction  of  chemical  methods  for  preserving 
the  hide  substance  the  old  term  has  still  been  retained ;  so  that  the  process 
of  tanning  may  mean  either  a  treatment  with  mineral  salts,  oils,  or  alde- 
hydes, as  well  as  those  methods  in  which  vegetable  substances  containing 
tannic  acid  are  employed. 

Vegetable  Tannage.  For  the  actual  tanning  operation,  the  liquor 
used  depends  entirely  upon  the  nature  of  the  skins  or  hides,  and  upon 
the  kind  of  leather  it  is  desired  to  produce.  There  are  three  general 
methods,  however,  which  are  in  common  use.  The  first  method  consists 
in  suspending  the  stock  in  a  solution  of  the  tanning  material.  The 
second  method  is  carried  out  in  a  paddle  so  that  the  stock  is  kept  in  constant 
motion  during  the  whole  or  part  of  the  operation.  The  third  method 
consists  in  tumbling  the  stock  in  a  drum  or  pin  mill  during  the  whole  or 
part  of  the  operation.  In  the  heav\'  hides  the  time  of  treatment  is  of 
course  very  much  longer  than  is  the  case  with  light  skins. 
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Belt,  Sole  and  Harness  Leather.  The  hides  as  they  come  from  the 
'*  beam  house  ''  are  run  in  an  acid  liquor  in  order  to  neutralize  the  lime, 
and  to  bring  them  to  a  plump  or  swollen  condition.  They  are  then 
transferred  to  the  slick  pits  or  suspenders;  the  name  coming  from  the 
fact  that  the  hides  are  suspended  by  the  butts  from  sticks  placed  across 
the  pit.  The  liquor  in  the  first  pit  is  very  dilute,  and  nearly  exhausted, 
having  a  density  of  about  10**  Bk.  From  day  to  day  the  liquor  is  changed, 
so  that  a  gradual  increase  in  its  strength  is  obtained.  After  the  hides 
have  remained  in  the  suspenders  from  eight  to  ten  days  they  are  laid  in 
pits  called  handlers,  where  a  stronger  liquor  is  employed.  The  weakest 
liquor  from  the  youngest  handler  pit  is  run  daily  to  the  suspenders,  a 
new  and  stronger  liquor  being  run  into  the  pit  holding  the  oldest  and  mo^i 
tanned  pack.  As  this  pack  is  removed  the  next  in  age  takes  its  place, 
while  the  youngest  pack  enters  the  pit  containing  the  weakest  liquor. 
In  this  manner  each  pack  receives  a  change  of  liquor  of  graduated  strength, 
passing  from  about  20°  Bk.  to  one  of  40°  Bk.  In  the  handlers  the  hides 
are  completely  struck  through  or  tanned  and  then  pass  to  the  layers. 

In  the  layers  the  hides  are  spread  out  as  smoothly  as  possible  and 
dusted  with  groimd  bark;  and  are  piled  up  alternating  a  layer  of  hides 
with  a  layer  of  bark.  When  the  pit  is  full  concentrated  liquor  is  run  in 
until  the  pack  is  completely  covered.  The  hides  are  allowed  to  remain 
imdisturbed  in  this  condition  for  several  weeks,  or  until  they  have  taken 
up  as  much  as  possible  of  the  tannic  acid  and  other  material. 

Scouring.  On  removal  from  the  layers  the  stock  is  thoroughly 
washed  to  free  it  from  insoluble  matter,  and  then  scoured  to  remove 
the  '*  bloom."  The  scouring  or  cleaning  process  is  accomplished  by 
placing  the  hides  on  the  movable  table  of  the  scouring  machine,  where  they 
are  violently  scrubbed  with  a  coai'se  brush  and  stone  slicker,  while  a 
stream  of  water  is  allowed  to  play  over  the  surface. 

Bleaching  and  Retanning.  In  order  to  secure  a  better  and  more  uniform 
color  it  is  customary  to  ''  strip  "  or  remove  a  part  of  the  surface  tannage 
by  means  of  borax  or  weak  alkali.  This  is  usually  carried  out  in  the  drum, 
and  the  excess  of  alkali  neutralized  with  oxalic,  sulphuric,  lactic,  or  fomiic 
acids  and  thoroughly  washed.  The  cleared  hides  are  then  retanned  with 
sumac  or  other  light-colored  tanning  material.  Previous  to  the  retanning  it 
is  also  customar}^  in  most  shops,  to  remove  a  small  skiver  from  the  flesh- 
side  so  that  the  hides  will  have  a  uniform  thickness  and  similar  appearancie. 

Stuffing.  The  object  of  this  operation  is  to  surround  the  fibers  with 
fat  and  oil,  which  serves  to  lubricate  them  and  render  the  leather  more 
pliable,  while  at  the  same  time  it  gives  to  the  stock  more  body  or  weight. 
The  process  most  commonly  employed  consists  in  placing  the  sammied 
(damp)  hides  in  a  drum,  heated  to  about  140°  F.  and  running  in  the  melted 
stuffing  material  through  the  trunnion.  Many  kinds  of  stuffing  greases 
are  used.  One  which  gives  vety  satisfactory  results  consists  of  a  mixture 
of  tallow  and  cod  oil.    After  running  for  about  half  an  hour  the  hides 
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are  removed  and  set  out  while  in  a  warm  condition.  This  setting  out 
is  accomplished  on  a  machine  similar  to  that  described  imder  fleshing. 
In  the  setting  out  the  excess  of  grease  is  removed  and  the  stock  given  a 
mild  stretching  treatment. 

Framing.  From  the  setting-out  machine  the  hides  are  placed  on 
frames,  where  they  are  given  as  much  of  a  stretch  as  possible  and  allowed 
to  dry  in  a  state  of  tension. 

Finishing.  On  removal  from  the  frames  the  hides  are  given  a  coat 
of  wax,  shellac,  gelatin,  blood  albumen  or  other  finishing  substance  and 
after  rolling  on  the  jack  are  ready  for  the  market. 

In  the  tanning  of  heavy  leather  the  above  treatment  is  sometimes 
varied  by  cutting  the  hides  into  ''  bends  "  and  '*  bellies  '';  or  into  "  butts  " 
and  "  shoulders."  The  subsequent  treatment  is  somewhat  modified 
for  the  different  portions.  The  tanning  materials  used  for  heav>'  leather 
var}',  consisting  either  of  one  or  several  tanning  products.  The  density 
of  the  liquor  employed  may  also  var>^  within  rather  wide  limits. 

Vegetable-tanned  Calfskins.  In  preparing  calfskins  for  the  tanning 
process  they  should  be  well  beamed  and  bated  until  they  are  soft  and  open. 
The  washed  skins  are  then  suspended  on  sticks  and  allowed  to  hang  in 
the  tan  liquor  as  described  under  hides.  The  strength  of  the  liquor, 
however,  may  be  somewhat  changed,  although  8°  Bk.  is  very  satisfactory 
at  the  start.  The  strength  is  increased  uniformly  for  six  days  when  the 
stock  should  be  completely  struck  through  or  tanned.  The  skins  are 
then  removed  from  the  suspenders,  washed  and  horsed  up  to  drain.  When 
in  the  proper  savimied  condition  they  are  shaved  and  retanned  in  sumac, 
to  which  a  small  amoimt  of  sulphurous  acid,  oxalic  acid,  formic  acid, 
or  formaldehyde  is  added.  The  retanning  may  be  carried  out  in  a  drum, 
but  it  is  preferable  to  employ  the  paddle.  When  the  retanning  is  complete 
the  skins  are  again  washed,  treated  with  about  3  per  cent  of  soluble  oil, 
set  out,  and  tacked  on  frames  to  dry.  Having  thoroughly  dried  they  are 
removed  from  the  boards,  and  are  ready  for  the  coloring  operation. 

Vegetable-tanned  Sheepskins.  Sheepskins  come  to  the  tanner  in 
the  pickled  condition  containing  sulphuric  acid  and  salt.  They  are 
usually  washed  free  from  the  pickle  with  a  strong  salt  solution  before  they 
enter  the  tan  liquor.  These  skins  may  be  tanned  in  pits  as  described 
for  calfskins,  except  that  it  is  necessary  to  have  a  certain  amount  of  salt 
in  the  solution.    The  tanning  may  also  be  carried  out  in  the  paddle. 

A  very  rapid  method  for  tanning  sheepskins  and  skivers  (split 
sheepskins)  consists  in  running  the  stock,  without  removing  the  pickle, 
in  a  drum  with  25  per  cent  of  solid  quebracho  extract,  or  its  equivalent 
of  other  tanning  material,  and  10  per  cent  of  salt.  The  time  necessary 
in  this  method  is  about  one  and  one-half  hours.  When  the  skins  are  tanned 
they  are  thoroughly  washed  and  himg  up  to  dry.  As  sheepskins  contain 
a  large  amount  of  fat  they  should  be  degreased  before  the  coloring  and 
finishing  operations.     This  is  accomplished  by  dipping  in  naphtha.     If 
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it  is  not  convenient  to  give  them  the  naphtha  treatment  they  may  be  run 
in  a  drum  with  ^  per  cent  of  soda  ash,  washed,  the  alkali  neutralized  with 
sulphuric  or  formic  acid,  and  washed  again.  When  dr}'  the  skins  are 
buffed  on  the  emery  wheel,  retanned  and  colored. 

Vegetable-tanned  Goatskins.  At  the  present  time  practically  all 
of  the  goatskins  are  tanned  by  the  two-bath  chrome  process.  For  certain 
kinds  of  fancy  morocco  leather,  however,  sumac  or  other  vegetable  tan- 
ning material  is  employed.  The  bating  of  goat  skins  is  more  difficult  than 
other  pelts  and  a  more  active  substance  has  to  be  emplo}'ed. 

Chrome  Tannage.  The  action  of  chromium  salts  upon  hide  substance 
was  first  studied  by  Knapp  in  1858,  but  his  investigations  led  him  to 
conclude  that  their  application  was  of  no  practical  value.  Although  oiher 
investigators  took  up  the  matter,  it  was  not  until  1884  that  any  really 
important  advance  was  made.  At  this  time  Augustus  Schultz  patented 
his  '*  two-bath  process."  In  this  process  the  skins  or  hides  are  treated 
with  a  solution  of  chromic  acid,  produced  by  the  action  of  hydrochloric 
acid  upon  sodium  or  potassium  dichromate  and  afterward  w^ith  a  solution 
of  sodium  thiosulphate  and  hydrochloric  acid.  The  hide  substance  takes 
up  the  chromic  acid,  which  is  subsequently  converted  to  the  basic  condi- 
tion  by  means  of  the  ''hypo."  In  1893  Martin  Dennis  made  a  study 
of  the  action  of  chromium  salts  as  previously  investigated  by  Ivnapp,  and 
perfected  a  method  of  "one-bath  tannage,"  on  which  he  was  granted 
numerous  patents. 

Two-bath  Chrome  Process.  While  the  details  involved  in  the  application 
of  this  process  var}-,  yet  chrome  tanning  is  uniformly  carried  out  either  in 
a  paddle  or  drum.  Different  kinds  of  leather  require  different  percentages 
of  the  chemicals.  In  the  drum  tannage  6  per  cent  sodium  or  potassium 
dichromate  and  3  per  cent  of  hydrochloric  acid,  regulated  on  the  weight 
of  the  wet  skins,  are  dissolved  in  sufficient  water  for  the  proper  handling 
of  the  stock.  The  skins  or  hides  are  placed  in  the  drum  and  the  chrome 
solution  added,  the  drum  being  kept  in  motion.  The  hides  or  skins  are 
worked  in  the  solution  tmtil  they  have  taken  on  a  imiform  yeHorr  coli>r 
which  has  completely  struck  through.  They  are  now  removed  from  the 
drum  and  freed  from  the  superfluous  liquor  by  horsing  up  over  night, 
or  by  putting  out;  the  latter  operation  may  be  done  by  hand  or  on  the 
machine.  After  standing  for  twenty-four  hours  the  chromed  stock  Ls 
returned  to  the  drum,  and  nm  for  about  one  and  one-half  hours  with  a 
solution  of  12  per  cent  of  sodium  thiosulphate  and  6  per  cent  of  hydn^- 
chloric  acid.  On  removing  from  the  drum  the  stock  should  have  a  blue- 
green  color  and  be  imiform  throughout.  If  thoroughly  tanned  no  curling 
will  occur  when  a  strip  is  placed  in  boiling  water.  On  removing  from 
the  drum  the  stock  is  horsed  up  for  twenty-four  hours  to  allow  the  chrome 
to  set,  neutralized  by  running  for  half  an  hour  in  a  ^  per  cent  sodium 
bicarbonate  solution,  washed  in  running  water  for  half  an  hour,  horsed  up, 
and  allowed  to  drain. 
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The  reactions  which  take  place  in  this  process  are  represented  in  the 
following  equation : 

NazCrjOy  +  2HC1  =  2NaCl  +  2Cr03  +  H2O. 

The  CrOs  produced  combines  with  the  gelatine,  forming  a  compound 
with  it.  The  sodium  thiosulphate  now  acts  as  a  reducing  agent  upon 
the  chromic  oxide,  converting  it  from  the  acid  to  the  basic  condition,  the 
reaction  taking  place  in  two  stages: 

1 .  2Cr03  -h  6HC1  +  SXagSzOs  =  3Na2S04  -f-  3S  +  CrgCle + SHgO. 

2.  CrgCle  -h  XaaSgOg  +  H2O  =  Crg (OH)  2CI4 + SO2 + S  +  2NaCl. 

The  basic  chloride  of  chromium  held  by  the  fiber  is  probabty  converted 
to  Cr2(0H)6  by  the  action  of  the  sodium  bicarbonate  used  in  washing. 

One-bath  Chrome.  In  this  process  the  skins  or  hides,  after  coming  from 
the  puer,  are  washerl  in  running  water  and  run  in  a  pickle  for  about  one 
hour.  The  pickle  is  made  by  dissolving  8  lbs.  of  salt  and  2  lbs.  of  sulphate 
of  aluminium  in  a  small  amount  of  water,  adding  1  lb.  of  sulphuric  acid, 
and  making  up  to  a  density  of  40  Bk.  The  object  of  this  treatment  is 
to  neutralize  any  alkalinity  of  the  puer  or  lime  that  may  remain,  and  to 
ensure  the  stock  being  in  an  acid  condition  before  it  enters  the  tan. 

Many  methods  for  preparing  a  one-bath  chrome  liquor  are  in  vogue. 
A  very  good  liquor  may  be  made  by  dissolving  10  lbs.  of  sodium  dichromate 
in  10  gallons  of  water,  adding  6  lbs.  of  syrup  glucose  (40  B^.),  and  then  very 
slowly  introducing  10  lbs.  of  concentrated  sulphuric  acid.  A  wooden 
vessel  may  be  used  for  making  up  this  liquor.  A  less  violent  action, 
however,  is  produced  by  adding  the  glucose  last,  but  in  this  case  stone- 
ware or  other  acid-resisting  vessels,  must  be  employed.  A  liquor  when 
prepared  as  above  and  diluted  to  45  B^.  will  give  a  product  of  such  strength 
that  15  lbs.  will  be  required  for  each  100  lbs.  of  pickled  skins  treated. 

In  using  this  method  the  necessary  amount  of  reduced  liquor  (15  per 
cent  of  above  liquor,  equivalent  to  4  per  cent  of  dichrome)  is  dissolved 
in  a  sufficient  quantity  of  water  for  proper  handling  of  the  stock,  and  5 
per  cent  of  sodium  sulphate  added  to  the  solution.  The  pickled  skins  are 
placed  in  the  drum,  the  door  closed,  and  one-third  of  the  solution  intro- 
duced, while  the  drum  is  in  motion.  At  the  end  of  fifteen  minutes  another 
third  is  added,  and  in  thirty  minutes  the  remainder.  One-half  hour  after 
the  last  portion  has  been  added  i  per  cent  of  sodium  bicarbonate  in  solu- 
tion is  introduced,  and  the  stock  run  for  fifteen  minutes  longer.  The  hides 
or  skins  are  then  removed  from  the  drum,  horsed  up  over  night,  neutralized 
with  J  per  cent  of  sodium  bicarbonate,  thoroughly  washed,  horsed  up  and 
allowed  to  drain. 

Chrome  tannage  by  either  of  the  processes  given  above  may  also  be 
carried  out  in  the  paddle,  but  in  this  case  the  time  of  treatment  is  some- 
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what  longer.    The  advantage  of  the  paddle  tannage  is  that  a  smoother 
grain  is  obtained  with  less  danger  of  "  pip  "  leather. 

Alum  Tannage.  This  process  is  employed  especially  for  white  kid, 
glove  and  light-colored  leather.  There  are  many  ways  of  applying  the 
alum,  and  the  following  description  simply  serves  to  illustrate  the  method. 
The  skins  are  limed,  bated  and  pickled  in  the  usual  manner.  The  solution 
necessary  for  100  lbs.  consists  in  dissolv^ing  10  lbs.  of  sulphate  of  alumin- 
ium, and  3  lbs.  of  salt  in  10  gallons  of  water;  a  solution  of  1^  lbs.  of  soda 
ash  is  then  dissolved  in  2  gallons  of  water  and  added  to  the  aluminium 
sulphate  very  slowly,  with  constant  stirring;  30  lbs.  of  flour  is  now  triturat«l 
with  some  of  the  solution,  added  to  the  original  solution  and  finally  8 
lbs.  of  egg  yolk  introduced.  The  skins  are  drummed  in  this  mixture  for  one 
hour,  and  hung  up  to  dry.  After  laying  in  the  criLst  (dry  condition) 
for  several  weeks  they  are  softened  and  again  drummed  with  the  above 
mixture. 

Oil  Tannage.  The  oldest  tanning  method  of  which  we  have  any 
record  was  that  in  which  the  oil,  fat  and  brains  of  animals  were  used  to 
preserve  the  pelts  in  a  soft  and  non-putrescible  condition.  The  method 
as  at  present  applied  consists  in  kneading  the  goods  in  contact  with  certain 
oils  and  soft  fats.  As  the  fibers  slowly  dr}'-  the  fats  are  worked  in  l>etween 
them  by  means  of  the  mechanical  treatment  which  the  goods  undergo 
in  the  stocks.  Each  fiber  is,  therefore,  separated  from  its  neighbor 
in  a  non-adherent  condition,  and  at  the  same  time  is  surrounded  bv  a 
waterproofing  material.  Not  only  are  the  fibers  surrounded  by  the  oil, 
but  at  the  same  time  a  vigorous  oxidation  occurs,  resulting  in  the  formation 
of  aldehydes  and  other  insoluble  oxidation  products.  The  adlehydes 
produced,  by  virtue  of  their  chemical  activity,  unite  with  the  hide  filler, 
while  the  insoluble  products  coat  the  fibers  mechanically.  Oil  tannage 
is  used  in  the  manufacture  of  chamois,  buflF,  and  buck  leathers. 

Chamois  Lreather.  The  flesh  splits  from  sheepskins  are  used  in  the 
manufacture  of  this  kind  of  leather.  The  skins  are  given  a  thorough 
liming  of  from  twelve  to  fifteen  days,  drenched,  and  the  superfluous  liquor 
removed  by  subjecting  to  hydraulic  pressure.  They  are  now  drummed  for 
half  an  hour  to  equalize  the  moisture,  and  transferred  to  the  stocks,  one  at 
a  time,  where  cod  oil  is  sprinkled  over  each  skin.  In  the  stocks  the  goods 
are  worked  for  four  hours,  removed  to  the  drj'ing  loft,  and  dried  without 
heat  until  they  assume  an  opaque  condition.  They  are  now  resprinkled 
and  restocked  for  another  four  hours,  this  time  being  dried  at  100°  F.  to  a 
brown  color.  The  stocking  and  drying  are  repeated  several  times,  with 
an  increase  in  the  temperature  of  the  heater  up  to  about  160°  F.  (>n 
coming  from  the  final  drying  the  skins  are  packed  in  a  box,  covered  with 
matting,  and  spontaneous  heating  allowed  to  continue. 

When  the  oxidation  of  the  leather  is  complete  it  is  dipped  in  water 
at  110°  F.  for  a  short  time,  and  then  subjected  to  hydraulic  pressure. 
The  heavy  grease  which  is  expressed  by  this  treatment  is  collected  and 
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sold  for  leather  dressing  under  the  name  of  degras.  The  skins  arc  then 
washed  with  a  warm  sodium  carbonate  solution,  and  the  wash  water 
neutralized  with  sulphuric  acid,  giving  what  is  known  as  sod  oil.  The 
skins  are  next  washed  with  hot  water,  nourished  with  cotl  oil  and  soft 
soap  for  one  hour,  squeeze  rolled  and  allowetl  to  drj'. 

Aldehyde  Tannage.  The  use  of  formaldehyde  as  a  tanning  material 
has  recently  been  brought  to  the  attention  of  the  tanner  by  the  patents 
of  Payne  and  Pullman,  but  as  yet  it  ha-s  not  become  widely  employed. 
The  leather  obtained  by  this  process  resembles  buff  leather.  It  is  very 
white,  however,  and  needs  no  bleaching.  The  future  of  this  method 
remains  to  be  soon. 

Finishing  of  Dressing  Leather.  .After  the  leather  is  tanned  by  any 
of  the  methods  given  aljove  it  must  be  Anishcd  in  such  a  manner  as  to 
meet  the  requirements  of  the  various  purposes  for  which  it  is  to  be  used. 
Only  a  few  of  the  most  important  operations  in  the  finishing  of  leather 
will  be  given. 

Soaking.  On  removing  the  dried  goods  from  the  boards  or  drj'ing 
room  they  are  dipped  in  water  at  a  temperature  of  110^  P.  and  placed  in 
piles  or  horsed  up  for  some  hours  until  evenlj'  wet  through  or  aammied. 
The  goods  may  also  be  sammied  by  dipping  in  warm  water  and  then 
covering  with  damp  sawdust.  While  still  another  method  is  to  steam 
the  stock  gently  and  run  in  a  drum  for  a  short  time. 

Sbaving.     The  object  of  the  operation  is  to  bring  the  leather  to  uniform 


Fic.  3^!5. — .SliavinR  Machine.' 
thickness,  and  may  l>?  done  by  hand  or  by  means  of  the  shaving  machine. 
In  either  case  the  goods  must  lie  damp.  The  machine  which  is  used  for 
this  purpo.se  is  shown  in  Fig.  33o.  It  is  fitted  with  a  spiral  knife-blatlc 
of  steel,  half  of  which  is  right-handed  and  half  left-handed.  The  leather 
is  placed  over  a  rollei',  which  may  be  presseil  against  the  cutting  end  by 
'  Turner  Tanning  Machinery  Co.,  Peabody,  Mass. 
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Coloring.  The  dyeing  of  leather  has  been  greatly  modified  within 
recent  years  owing  to  the  introduction  of  coal-tar  colors,  although  for 
several  shades  the  old  vegetable  colors  are  still  in  use. 

Black  on  Vegetable-tanned  Leather.  In  producing  this  color  an 
ammoniacal  solution  of  hematin  is  prepared  and  brushed  evenly  over  the 
surface,  being  followed  by  a  striker  of  black  iron  and  copper  sulphate. 
Nigrosine  and  other  coal-tar  blacks  are  being  used  for  the  same 
purpose. 

Black  on  Chrome  Leather.  The  stock,  after  being  shaved,  is  placed 
in  the  drum  and  run  for  half  an  hour  with  4  per  cent  of  hematin  crystals 
and  i  per  cent  of  soda  ash,  the  temperature  being  at  140°  F.  The  plugs 
are  now  drawn  for  the  excess  of  liquor  to  drain  off  and  a  solution  of  1  per 
cent  of  ferrous  sulphate  and  i  per  cent  of  copper  sulphate  introduced 
through  the  trunnion.  The  stock  is  worked  in  this  striker  for  fifteen  minutes 
and  the  excess  removed.  A  solution  of  1  per  cent  of  nigrosine  is  now 
added  and  run  for  fifteen  minutes  longer.  The  goods  are  well  washed 
first  in  cold  water,  then  in  warm  water,  fat-liquored  at  130°  F.  for  one-half 
hour  with  2  per  cent  of  soap,  1  per  cent  of  neatsfoot  oil  and  i  per  cent  of 
(legras.  On  removing  from  the  drum  they  are  set  out,  given  a  coat  of 
equal  parts  of  glycerine  and  water,  and  after  standing  for  two  hours  are 
hung  up  to  dry.     They  are  subsequently  staked  and  tucked. 

Colors  on  Vegetable-tanned  Leather.  The  well  scoured  and  cleaned 
goods  are  run  for  about  fifteen  minutes  in  an  acid  solution  of  i  oz.  formic 
acid  to  each  gallon  of  water.  The  excess  of  acid  toeing  removed,  ^  per 
cent  solution  of  tartar  emetic  is  introduced  and  the  dnim  run  for  fifteen 
minutes.  The  excess  of  tartar  emetic  is  removed,  from  ^  to  2  per  cent  of 
basic  color  added  (should  the  water  be  hard  a  small  amount  of  formic 
acid  may  be  added)  and  the  stock  run  for  fifteen  minutes.  The  plugs 
are  now  removed  and  the  skins  or  hides  given  a  thorough  washing.  To 
render  the  stock  pliable,  the  goods  are  fat-liquored  with  either  soap  and 
oil  or  with  soluble  oil,  horsed  up  for  several  hours,  set  out  and  tacked  up 
to  dry. 

Colors  on  Chrome-tanned  Leather.  The  shaved  stock  is  retanned  in 
gambia  or  sumac,  scoured  and  then  dyed  as  under  the  method  for  vegetable 
tannage.  Recently,  however,  other  methods  have  come  into  use,  whereby 
the  process  of  retanning  is  eliminated.  It  has  been  found  that  some  of 
the  alizarine  colors  give  very  satisfactory  results  when  applied  in  the  proper 
manner.  Direct  colors  are  also  being  used  with  some  success,  and  espe- 
cially a  combination  of  acid  colors  with  the  direct  colors. 

Staking.  As  the  skins  or  hides  come  from  the  boards  they  are  in  a 
very  hard  condition,  and  must  be  softened  before  they  can  be  finished. 
This  operation  is  now  carried  out  on  the  staking  machine,  which  is  shown 
in  Fig.  337.  This  machine  works  the  leather  up  by  a  sort  of  a  kneading 
motion  and  at  the  same  time  exerts  upon  it  more  or  less  of  a  stretching 
action. 
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Seasoning.  After  staking  the  goods  they  aro  spread  on  the  table  and 
given  a  coat  of  a  mixture  of  flaxseed  mucilage  and  milk,  hung  up  to  dn- 
and  again  staked. 

Rolling.  After  seasoning  and  restaking  the  skins  or  hides  are  rolled. 
This  operation  is  carried  out  on  the  rolling  jack.    In  this  machine  a  steel 


roller  passes  over  a  bed  in  siieh  a  manner  that  a  very  groat  pressure  is 
secured,  the  object  iH-ing  to  work  out  the  wrinkles  and  give  a  better 
appearance  to  the  finished  product.  After  rolling  the  stock  is  sometimes 
given  a  thin  coat  of  oil  and  is  ready  for  the  market. 

'  F.  F.  Slocomb  &  Co.,  Wilmii^Uin,  Del. 
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Glazing.  To  obtain  leather  with  a  high  finish  it  is  given  a  coat  of 
egg  albumen,  blood  albumen,  or  shellac,  and  then  finished  on  the  gUuing 
jack.  This  machine  is  verj'  similar  to  the  rolling  jack,  except  that  a 
glass  cylinder  is  used  in  place  of  the  steel  roller,  the  glass  sliding  over  the 
surface  of  the  leather  instead  of  rolling.     (Fig.  338.) 


Fio.  338.— <itiKing  J;irk.' 

Patent  Leather.  This  kind  of  leather  is  made  by  varnishing  ordinary 
leather.  The  usual  method  is  to  first  dcgi-caae  the  tanned  stock.  It  is 
then  given  a  daub  coat  of  boiled  linseed  oil  and  lampblack,  thinned  to 
the  proper  consistenc}'  with  naphtha.  The  excess  of  the  coating  is 
removed  with  the  shcker  and  a  mixture  of  linseed  oil  and  guncotton  applied. 
The  hides  are  then  baked  and  sutinetl,  and  rubbed  down  with  pumice 
stone.  Another  coat  of  the  lin.seed-oil  varnish  with  pyroxylene  is  applied, 
baked,  sunned  and  rubbed.  Coloring  matter  is  usually  added  to  the 
^■ami8h,  and  sometimes  several  coats  are  applied. 
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VEGETABLE  TANNING  MATERIALS 

John  H.  Yocum 

Leather  Chemist  and  Tanner,  Nexoark,  X.  J. 

In  the  time  that  our  tanners  had  the  virgin  forest  to  depend  upon, 
hemlock  and  oak  bark  were  the  only  vegetable  tanning  materials  in  i;m 
in  this  country,  and  they  yet  remain  the  source  of  greatest  supply  uf 
tannin. 

Hemlock  Bark.  The  yearly  cut  of  hemlock  bark  is  between  8CK).<X)<-» 
and  900,000  tons,  and  of  oak  bark  from  300,000  to  400,000  tons.  The  yii  ]*i 
of  hemlock  has  decreased  about  one-third  in  the  last  ten  vears,  wliil*^ 
the  yield  of  oak  bark  has  remained  nearlv^  stationary. 

Because  of  increased  production  of  leather  during  this  period  ar*! 
because  of  the  decrease  in  the  peel  of  hemlock  bark,  it  has  become  nect— 
sary  to  seek  other  sources  of  tannin  supply. 

Chestnut  Extract.  The  first  development  to  meet  these  eonditii)r< 
was  the  making  of  chestnut-wood  extract,  which  has  now  reached  a  very 
important  stage,  from  450,000  to  500,000  barrels  being  producetl  yearly. 
In  addition,  chestnut  wood  is  being  used  at  many  Southern  tanner  it"! 
directly  in  the  leaches.  Tanners  have  found  the  liquors  obtained  by 
this  method  insufficient  in  strength  for  their  purposes,  so  some  of  them 
have  added  evaporating  plants  to  their  leach  houses  to  concentrate  their 
liquors  to  a  sufficient  strength  for  their  use. 

A  barrel  of  chestnut  extract  is  practically  equal  to  a  ton  or  a  cord  of 
either  oak  or  hemlock  bark,  and  while  the  yield  from  various  extract 
factories  differs,  generally  a  cord  of  wood  (128  cu.ft.)  yields  a  barrel  nf 
the  25  per  cent  tannin  chestnut  extract. 

Quebracho  Extract.  Quebracho  extract  is  made  from  quebracho 
wood,  a  product  of  the  Rio  de  la  Plata  Valley  in  South  America.  This 
wood  contains  from  18  to  24  per  cent  tannin.  The  soHd  quebracho 
extract  contains  about  65  per  cent  tannin  and  is  sold  on  this  basis.  The 
yield  of  extract  is  generally  1  ton  of  solid  extract  from  about  3^  tons  of 
the  wood.  One  ton  of  the  solid  extract  is  considered  equivalent  to  9 
tons  of  oak  or  hemlock  bark.  There  is  now  being  imported  about 
60,000  tons  of  this  solid  extract  or  its  equivalent  in  wood.  As  there  an^ 
two  factories  manufacturing  liquid  quebracho  in  this  country,  the  equiva- 
lency of  this  quantity  of  quebracho  is  540,000  tons  of  oak  or  hemlock  bark. 
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The  tariff  on  this  product  was  formerly  ^  cent  per  pound,  but  it  has 
been  raised  to  J  cent  per  pound  in  the  present  tariff  bill. 

Mangrove  Bark.  Mangrove  bark  and  mangrove  extract  are  also 
imported  in  quantity.  Mangrove  grows  on  the  low  shores  of  salt  waters 
everywhere  in  the  tropics.  Along  the  Gulf  of  Mexico,  mangrove  averages, 
when  properly  cured,  about  30  per  cent  tannin;  that  from  the  East  Coast 
of  Africa  about  40  per  cent  tannin.  East  Indian  and  Borneo  mangrove 
bark  contains  30  to  40  per  cent.  This  product  enters  free  of  duty,  so 
that  no  accurate  data  is  obtainable  as  to  the  quantity  imported,  but  this, 
no  doubt,  is  more  than  20,000  tons  annually,  equivalent  to  more  than 
60,000  tons  of  oak  or  hemlock  bark. 

In  the  East  Indies  are  two  factories  making  solid  extract  from  this 
bark,  which  comes  upon  our  market  as  mangrove  cutch;  the  quantity 
being  brought  in  is  not  large  now,  on  account  of  the  duty  of  i  cent  per 
pound,  which  the  present  tariff  has  placed  on  this  product.  It  formerly 
came  in  free. 

Myrabolams.  Myrabolams  are  the  fruit  of  an  Indian  tree,  the  harvest 
ranging  from  30,000  to  45,000  tons  per  year.  The  United  States  is 
taking  from  one-third  to  one-half  the  production.  Myrabolams  contains 
about  30  per  cent  tannin.  What  is  now  being  used  in  the  tanning  trade 
in  this  country  will  represent  at  least  45,000  tons  of  oak  or  hemlock  bark. 
It  is  in  the  dutv-free  list. 

Valonia.  Valonia,  the  cup  of  an  acorn,  obtained  in  Asia  Minor  and 
(Irooco,  is  being  imported  in  quantity.  It  contains  about  40  per  cent  tan- 
nin. The  hai'vest  is  from  50,000  to  60,000  tons  per  year.  What  is  being 
brought  into  this  country  is  equivalent  to  about  -40,000  tons  of  bark  per 
year.     It  is  not  subject  to  duty. 

Divi-Divi.  Divi-divi,  wattle  bark,  are  other  tanning  materials,  l)ut 
they  do  not  come  into  this  country  in  any  quantity. 

Palmetto  Extract.  Palmetto  extract  and  caniagre  are  not  produced 
in  sufficient  quantities  to  be  commercially  considered.  Sumac  and  gam- 
]>icr  are  imported  in  large  quantities,  but  do  not  go  into  the  same  trade 
that  uses  our  native  barks  and  cannot  be  compared  with  them. 

From  the  estimates  given  of  what  the  various  tanning  materials  in 
ii>e  here  are  equivalent  to  in  bark,  it  is  seen  that  in  total  2,300,000  tons 
are  represented,  about  one-third  being  imported  materials.  At  a  fair 
valuation,  these  materials  cost  tlie  tanner  about  §23,000,000,  the  importa- 
tions  being  about  §7,000,000  per  year. 

Chemistry  of  Tannin.  From  a  chemical  point  of  view,  tannins  are 
divided  into  pyrogallol  tannins,  such  as  from  chestnut  wood,  myrabolams 
and  valonia;  and  catechol  tannins,  such  as  from  quebracho,  hemlock, 
mangrove  and  oak  bark.  Rut  from  the  tanners'  viewpoint,  the  color  and 
characteristics  of  the  leather  made  from  these  various  materials  is  of  more 
importance. 

Arranging  these  materials  as  to  their  color,  that  is,  from  a  light  yellow 
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to  a  dark  red,  we  have  sumac,  myrabolams,  valonia,  blea<?hed  quebracho, 
oak  bark,  natural  quebracho,  chestnut,  West  Indian  mangrove,  hemlock 
and  East  African  mangrove. 

It  is  important  for  a  tanner  of  oak  in  order  to  match  color  if  he  use^ 
chestnut,  to  use  also  quel^racho,  so  that  a  duplication  of  the  oak  color  Ik? 
obtained.  There  are  many  combinations  that  can  be  arranged  from  the?se 
materials  to  d\iplicate  the  oak,  hemlock  or  union  colors  so  long  established 
as  standards  in  the  sole-leatlier  trade. 

Color  of  Leather.  The  color  of  leather  produced  is  not  the  only  char- 
acteristic which  the  tanner  has  to  consider  in  the  use  of  tanning  material: 
some  wish  hard  leathei-s,  some  soft.  It  is  well  established  that  sumac 
is  not  suita])le  for  hard  leather;  it  is  used  on  sheep  and  other  soft  leather 
exclusively.  Myrabolams  is  considered  a  soft  tannage.  Valonia  ami 
chestn\it  are  considered  hard  tannages.  Oak,  hemlock,  mangrove  and 
quebracho  are  used  on  both  hard  and  soft  tannages.  There  seems  g<K>d 
reason  to  l^eUeve  that  by  proper  manipulation  soft  leathers  can  be  obtaine<l 
from  any  of  these  materials. 

Palmetto  extract,  which  often  contains  as  much  as  12  per  cent  of 
ash  from  salts  soluble  in  the  extract,  the  extract  containing  about  JO 
per  cent  tannin,  invariably  makes  soft  leathers  when  used  alone.  Sul- 
phited  quebracho  extracts,  which  contain  a  large  per  cent  of  ash,  als4> 
make  soft  leathers,  and  it  is  well  known  that  hemlock  liquors  treatrd 
with  salt  will  tan  sheepskins  as  soft  as  does  sumac. 

From  this  it  is  a  fair  conclusion  that  salts  in  tanning  solutions  have  a 
tendency  to  soften  the  resulting  leather. 

In  tanning  pickled  sheepskins,  that  is,  skins  cured  in  salt  and  sulphurii' 
acid,  unless  the  tanning  solution  is  salted — that  is,  treated  with  sail — 
the  skins  plump  and  lose  their  value,  becoming  hard  and  tinny  when  tanned; 
therefore,  salt  neutralizes  the  action  of  the  sulphuric  acid  on  skins. 

The  tanners  of  the  hard(\st  sole  leather  use  sulphuric  acid  as  a  plumi>- 
ing  agent,  and  tan  with  hemlock,  oak,  mangrove,  valonia,  chestnut , 
myrabolams  and  quebracho  in  various  mixtures  and  proportions.  It 
follows  that  the  character  of  leather  as  to  softness  or  hardness  is  mon* 
dependent  on  the  relation  of  plumping  acids  to  soluble  non-tannins  than  ir 
is  on  the  character  of  the  tanning  material  used.  The  term  soluble  non- 
tannins  includes  not  only  soluble  inorganic  salts,  but  also  the  similar  organic 
non-tannins  natural  to  the  tanning  material.  The  character  of  the  organi"* 
non-tannins  vary  both  as  to  their  ability  to  furnish  plumping  acids  and 
non-plumping  acids,  and  likewise  as  to  their  repression  of  plumping  acid 
action  on  the  skin. 

It  is  quite  true,  as  a  nde,  that  the  pyrogallol  tannins  do  not  give  the 
hard  leathers  that  the  catechol  tannins  produce,  yet  this  may  not  of 
itself  be  due  to  the  character  of  the  tannin,  but  may  result  from  the  fan 
that  gallic  acid  and  non-plumping  acid  is  usually  present  in  the  tanning 
solutions  made  from  these  materials.     The  subject  is  a  broad  one  and 
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needs  much  investigation,  Init  sumacs  and  nutgalls  of  the  pyrogallol  series 
show  the  largest  changes  into  gallic  acid  and  give  the  softest  leather, 
while  valonia  of  the  same  series  shows  small  changes  into  gallic  acid 
and  gives  a  firm  leather.  On  the  other  hand,  chestnut  extract  containing 
in  its  extracted  form,  gallic  acid,  is  not  subject  to  much  further  change 
into  this  acid,  and  gives  a  firm  leather. 

Palmetto  is  of  the  catechol  series,  but  gives  a  soft  leather,  which,  as  I 
have  noted  before,  may  be  due  to  the  presence  of  excessive  quantities  of 
inorganic  salts,  yet  all  the  rest  of  this  series  are  used  for  heavy  leather 
tannages. 

The  nature  of  the  combination  of  hide  with  tannin  is  not  fully  under- 
stood at  present,  but  the  tanner  has  the  experience  of  generations  in  the 
use  of  raw  vegetable  tanning  materials.  This  knowledge  seems  to  have 
brought  the  practical  tanner  to  conclusions,  and  he  has  determined  in  his 
own  mind  what  raw  material  he  wants  to  use  to  produce  a  certain  result. 
It  lies  with  the  chemist  to  determine  the  reactions  between  the  different 
tannins,  non-tannins  and  their  relations  to  salts  and  acids  before  the 
final  decision  can  be  reached  as  to  the  weakness  or  strength  of  the  rule^of- 
thumb  methods  now  followed  by  the  tanner  in  determining  the  kind  of 
tanning  material  to  be  used. 


XLII 
GLUE  AND  GELATINE 

JEROME   ALEXANDER 

Treasurer  and  Chief  Chemist ^  National  Glue  and  GelatiTie  Works,  and  Nati^mal  Gum  and 

Mica  Co.f  New  York  City 

Glue.  Glue  is  an  organic  substance  of  varying  chemical  constitution 
obtained  upon  drying  the  solution  yielded  by  boiling  with  water  properly 
prepared  animal  matter  such  as  skins,  bones,  etc.  Stout  soups  which 
gelatinize  when  cold  represent  very  impure  glue  solutions.  In  commerce 
glue  appears  in  a  great  variety  of  forms,  in  rectangular  sheets  or  cakes 
(sheet  or  cake  glues),  in  wide  or  narrow  strips  (ribbon  and  noodle  glue^), 
in  broken  flakes  (flake  or  chip  glues),  and  ground  or  granulated  in  all 
degrees  of  fineness  (ground  and  powdered  glues) ;  it  is  sometimes  colorless 
and  transparent,  sometimes  opaque,  and  it  occurs  in  all  shades  of  white, 
yellow  and  brown. 

Gelatine.  Gelatine  is  made  from  certain  kinds  of  bones  and  parts  of 
the  skin  selected,  washed  and  treated  with  especial  care  so  that  the  resulting 
product  is  much  cleaner  and  purer  than  glue.  Being  extracted  at  a  lower 
temperature  or  with  relatively  little  exposure  to  heat,  less  of  the  fluid 
disintegration  products  of  the  stock  are  formed,  and  the  jellj'^ing  power 
is  therefore  greater.  Broadly  speaking  then,  glue  is  impure  gelatine. 
In  fact  some  very  light  colored  high  test  glues  so  closely  resemble  gelatine, 
that  an  investigation  of  the  conditions  of  manufacture  or  the  presence 
of  certain  chemicals,  is  the  only  practical  way  to  differentiate  between 
them. 

The  derivations  of  the  terms  glue  (from  the  unused  Latin  verb  gluere, 
to  draw  together)  and  gelatine  (from  the  Latin  gelare,  to  congeal,  a  won! 
allied  to  the  English  chill,  gelid,  jelly),  at  once  call  to  mind  the  principal 
properties  of  these  substances,  for  glue  is  chiefly  used  as  an  adhesive, 
whereas  gelatine  is  valued  mainly  according  to  its  stiffening  or  jellying 
properties.  Both  are  typical  colloids,  Graham  having  in  fact  formed  thk 
term  from  the  Greek  /coAAa  =  glue;  and  they  consequently  exhibit  the 
characteristic  properties  of  this  interesting  class  of  substances,  which, 
in  marked  contrast  to  crystalloids,  do  not  crystallize,  do  not  readily 
diffuse,  and  are  impermeable  to  each  other. 

818 
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Colloidal  Condition.  Instead  of  referring  to  colloids  as  a  ''  class  of 
substances/'  it  would  perhaps  be  more  correct  to  speak,  as  Graham  does 
(Phil.  Trans.,  1861,  p.  183),  of  the  "  colloidal  condition  of  matter,'^  for 
most  substances  may  exist  in  either  the  colloidal  or  the  crystalloidal 
state,  depending  upon  the  nature  of  the  solvent  (e.g.,  certain  soaps)  or 
upon  the  conditions  governing  their  formation  (e.g.,  gold,  silicic  acid). 
The  ultimate  particles  of  colloids  are  much  smaller  than  what  we  would 
ordinarily  term  a  physical  subdivision,  but  rather  larger  than  chemical 
molecules;  consequently  their  reactions  stand  midway  between  the  physical 
and  the  chemical  changes  of  matter,  as  may  be  seen  by  considering  the 
properties  of  glue. 

Glue  absorbs  a  considerable  quantity  of  cold  water  and  swells  up, 
yielding  a  jelly  which,  upon  the  application  of  heat,  melts  to  a  viscous 
sticky  solution  that  gelatinizes  again  upon  cooling.  When  dried  at  medium 
temperatures,  glue  can  be  again  redissolved  and  redried  indefinitely; 
and  it  is  therefore  called  a  reversible  colloid  to  distinguish  it  from  other 
colloids  which,  when  once  dried,  are  insoluble  (i.e.,  silicic  acid).  When 
superdried  at  about  130°  C,  however,  both  glue  and  gelatine  become  insol- 
uble, their  constituent  particles  having  approached  too  close  to  be  again 
separated  by  simple  soaking.^ 

Diffusion.  Glue  solutions  will  not  diffuse  through  colloidal  membranes 
(i.e.,  parchment  paper  and  bladder),  and  their  jellies  are  impermeable 
to  other  colloids.  The  solutions  are  coagulated  by  alum,  formaldehyde 
and  tannin,  and  also  by  chromium  salts  upon  exposure  to  light.  But 
these  precipitates  cannot  be  considered  in  a  strict  sense  as  chemical  com- 
pounds, because  their  composition  varies  greatly  with  the  conditions 
of  their  formation.  They  are  nevertheless  of  great  technical  importance, 
forming  the  basis  of  the  tanning  process,  for  the  glue  yielding  substances 
are  rendered  insoluble  in  like  manner. 

Chemical  Constitution.  We  know  comparatively  little  of  the  chem- 
ical constitution  of  gelatine  and  still  less  of  the  more  impure  and  further 
hydrolyzed  glue.  The  essential  constituents  of  gelatine  are  carbon, 
hydrogen,  oxygen,  and  nitrogen  (other  elements  such  as  sulphur,  phos- 
phorus, etc.,  being  present  in  absorbed  impurities)  and  its  empirical 
formula  according  to  Schutzenberger  and  Bourgeois  is  C76H124N24O29; 
but  such  a  formula  does  not  give  any  information  of  value.  On  the 
other  hand  a  study  of  the  cleavage  products  of  gelatine  gives  some 
insight  into  its  extreme  complexity.  Skraup  and  von  Biehler  (Monatshefte 
furChemie,  1909,  Vol.  XXX,  p.  476),  find  that  upon  hydrolysis  with 
hydrochloric  acid,  gelatine  yields  the  following  substances  all  of  which, 
from  the  previous  work  of  Fischer,  Levene  and  others,  have  been  shown 
to  be  contained  in  it. 

*  F.  Hofmeister  considers  this  as  a  regeneration  of  collagen,  which  he  regards  as 
the  anhydrid  of  gelatine  (Chem.  Ceniralbl.y  1879,  p.  74). 
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C.lycocoll Aminoacotic  acid CHjCNHs)  COOH 

Lysine Triniethylglycine  . OH- (X(CH3),-CH.-COOH 

Alanine Aminopropionic  acid CH3-CH(XH2)C(K)H 

Phenylalanine Phenyl-  i -aminopropionic acid. . .   C6Hi-CH2-('H{XH2)  •C<^X")H 

Ix^ucine Arninonormalcanroic  acid CH3(CH2)3CH(XH2)-CXK)H 

Aspartic  mil AminoHUccinic  acid COOHCH2CH(XHs)-C()(>H 

Glutaminic  acid. .  . .   Aminonormalpvrotartaric  acid. .  .  COOH-C2H4GH(NH;)  -CCX)H 

Histidine ". C,H.X.()i 

Arginine CcHuX^Oi 

Proline a-pyrrolidinecarboxylic  acid 

Oxyproline ox3'-'i-p>Trolidiuecarboxylic  acid 

Some  of  those  substances  may  result  from  the  decomposition  of  more 
complex  constituents;  in  any  event  it  is  not  yet  known  just  how  they  are 
combined. 

Raw  Materials 

Commercial  glue  stock  may  be  divided  into  four  classes: 

1.  Skin  or  hide. 

2.  Bone. 

3.  Sinew. 

4.  Fish  stock. 

Hide  Stock.  Most  hide  stock  is  produced  by  tanners,  and  as  leather 
is  more  valuable  than  glue,  only  waste  pieces  of  hide  reach  the  glue  maker. 
The  principal  kinds  of  such  stock  are:  "  pieces,"  or  heavy  trinunings  from 
dried  salted  or  limed  skins  (yield  18  to  50  per  cent  of  glue);  '*  fleshings, ' 
representing  the  scrapings  from  the  flesh  side  (yield  3  to  40  per  cent  oi 
glue);  "  skivings,"  which  are  parings  from  the  hair  or  grain  side  of  th** 
skin  or  hide.  Very  frequently  the  yield  of  grease  from  fleshings  exeeetl< 
both  in  percentage  and  value  that  of  the  glue  especially  in  the  cas<*  of 
'*  machine  fleshings  "  which  are  usually  thinner  than  those  taken  off  by 
hand. 

Calf,  cattle,  goat,  sheep,  deer,  pig  and  horse  skins  are  valued  about 
in  the  order  given. 

A  great  variety  of  other  kinds  of  hide  waste  also  finds  its  way  into  the 
glue  pot,  as  for  example:  rabbit  skin  or  coney  stock j  a  refuse  produced  by 
hatters  who  pluck  off  the  fur  for  the  manufacture  of  felt  hats;  loom  picker-, 
representing  discarded  fragments  of  rawhide  from  textile  machinery- : 
worn-out  Turkish  rawhide  moccasins,  and  many  other  kinds  cf  rawhide* 
and  parchment  waste.  Tanned  skin  yields  no  glue  although  patents 
have  been  taken  out  for  extracting  the  tanning  materials  and  inakini: 
glue  from  the  skin  thus  made  soluble. 

'*  Dry  stock  "  may  have  been  either  uncured  or  salted  or  limed  befon* 
drying;  *'  green  "  or  wet  stock  may  be  "  green  salted  *'  or  **  green  lime<l. ' 

Sinews.  These  come  into  the  market  fresh  or  green  salted  from  tht* 
slaughter  houses;  they  are  also  imported  in  dried  state  from  South 
America,  in  which  case  they  are  frequently  mixed  with  dried  bulls'  pizzles. 
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Bone.  Quite  a  number  of  kinds  of  commercial  glue  stocks  are  pro- 
duced from  osseous  tissue.     The  chief  of  these  are  enumerated  below. 

Green  or  Packer  Bone.  This  consists  of  fresh  sweet  bone  containing 
the  marrow  or  bone  fat  and  frequently  adhering  tendons.  Such  stock 
usually  undergoes  an  immediate  preliminary  steaming  at  its  place  of  pro- 
duction, by  which  the  fat  is  separated  and  the  keeping  qualities  of  the 
bone  so  improved  that  it  will  stand  transportation  and  storage.  At  the 
packing  houses  large  quantities  of  fresh  bone  are  produced  in  the  canning 
departments.  The  long  shin  bones  are  sold  to  manufacturers  of  buttons, 
knife  handles,  etc,  (whose  refuse  is  later  used),  while  heads,  ribs,  feet, 
etc.,  go  direct  to  the  glue  factory.  The  hoofs  and  horns  are  usually  first 
removed,  for  contrary  to  popular  notion,  they  yield  no  glue  at  all.  From 
cattle  feet  neatsfoot  oil  is  rendered  at  a  low  temperaturp. 

Country  byne,  which  i  5  chiefly  butchers^  offal  and  junk  bone  consisting  of 
old  dry  bone  from  any  source,  are  used  mostly  for  the  production  of  low 
grade  glues. 

Ossein.  This  is  also  called  acidulated  bone.  It  is  prepared  by  leach- 
ing crushed  bone  in  dilute  (about  8  per  cent)  HCl,  whereby  the  mineral 
constituents  are  dissolved,  leaving  a  soft  cartilaginous  substance  (collagen) 
which  preserves  the  original  shape  of  the  fragment  of  bone.  Before  this 
process  the  bones  are  usually  degreased  in  a  closed  steel  tank  ^vith  a 
volatile  solvent  (benzine  or  carbon  tetrachloride)  which  is  afterward  dis- 
tilled off  from  the  grease  and  recovered.  In  the  acidulation  the  main 
reactions  are: 

Ca3(P04)2+4HCl  =  2CaCl2+CaH4(P04)2  (acid  phosphate), 
Ca3(P04)2+6HCl  =  3CaCl2+2H3P04, 

Ca3(P04)2+4H3P04  =3CaH4(P04)2. 

From  the  acid  solution  the  phosphoric  acid  is  precipitated  by  the  careful 
addition  of  milk  of  lime: 

CaH4(P04)2+CaO  =  Ca2H2(P04)2+H20, 
2H3(P04)2+2CaO  =  Ca2H2(P04)2+H20.» 

The  "  precipitated  bone  phosphate  ^'  as  it  is  called,  is  largely  used  in  the 
manufacture  of  *' bone  china";  and  the  ''acid  phosphate''  is  used  in 
baking  powders.  In  order  to  avoid  an  excess  of  lime,  which  would  repro- 
duce tricalcium  phosphate,  a  filtered  sample  of  the  liquor  is  from  time  to 
time  tested  with  molybdic  acid  solution,  and  the  addition  of  lime  stopped 
as  soon  as  the  failure  of  the  ammonium  phosphomolybdate  precipitate 
to  form,  indicates  that  no  more  free  phosphoric  acid  or  acid  phosphate 
is  in  solution.  If  an  excess  of  lime  be  accidentally  added,  the  error  can  be 
retrieved  by  the  addition  of  a  suitable  quantity  of  the  acid  liquor.     The 

*  In  both  the  solution  and  precipitation  of  the  bone  phosphate  other  secondary 
reactions  go  on  at  the  same  time. 
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precipitate  is  pumped  or  forced  by  compressed  air  into  a  filter  press  and 
washed  free  from  calcium  chloride. 

The  soft  coIlageD  after  washing  out  the  residual  acid  (using  lime  water 
to  nsutralize  if  necessary)  may  be  made  directly  into  glue,  but  it  usually 
is  dried  at  a  low  temperature,  yielding  commercial  ossein. 

Dentelles.  The  ossein  made  from  button  makers'  refuse  is  commer- 
cially known  as  "  dentelles  ";  it  is  frequently  called  "  spectacles  "  becaui?e 
of  the  fancied  resemblance  to  eye  glasses,  of  pieces  from  which  the  round 
buttons  have  been  cut. 

Prepared  Horn  Pith.  This  is  an  ossein  stock  made  from  the  comillons 
or  interior  supporting  bony  core  of  the  horns.  As  it  is  the  only  part  of 
the  osseous  structure  that  does  not  come  in  contact  with  flesh,  bom  pith 
yields  a  singularly  pure  and  high  class  gelatine,  and  its  porous  structure 
renders  easy  its  treatment  and  subsequent  extraction. 

Fish  Stock.  The  heads,  bones  and  skins  of  fish  yield  liquid  glues 
which  are  not  considered  here.  The  swim-bladders  of  certain  species  of 
fish  constitute  what  is  known  as  isinglass. 

Manufacture 

The  manufacturing  operations  at  the  glue  factory  are: 

1.  Preparing  the  stock; 

2.  Boiling  the  stock; 

3.  Treating  and  (4)  drying  the  resulting  glue  solution. 
Preparation.    While  the  last  two  of  these  classes  of  operations  are 

substantially  the  same  for  all  stock,  there  are  several  methods  of  prepa- 
ration, as  might  l>e  expected  from  the  great  variety  of  raw  materials. 

Washing  and  Liming.  Hide,  sinew  and  ossein  stocks  after  a  brief 
preliminary  soaking  or  washing  in  pure  water  to  soften  them  and  remove 
dirt,  salt,  etc.,  are  placed  in  successive  baths  of  lime  water  of  gradually 
increasing  strength,  in  which  the  stock  swells  up  and  becomes  soft  or 
''  plump  *'  so  that  it  readily  dissolves  in  the  boiling  kettle.  The  time 
required  for  liming  varies  with  the  stock  and  the  season,  always  proceeding 
more  rapidly  in  warm  weather.^  Thick  dry  hide  pieces  may  take  as  long 
as  six  months  to  lime,  whereas  fleshings  or  thin  skivings  from  hides  limeil 
at  the  tannery  are  frequently  all  ready  to  boil;  coney  stock,  being  very 
finely  shredded,  is  usually  boiled  without  liming.  Practical  experience 
is  needed  in  this  process,  for  an  underlimed  stock  requires  more  time  and 
heat  to  dissolve  (thus  injuriously  affecting  the  quality  of  the  glue),  while 
overlimed  stock  is  largely  wasted  in  the  washing  process,  which  we  will 
next  consider. 

The  limed  stock  is  taken  from  the  lime  pits  (usually  wooden  vats  sunk 
in  the  ground)  and  thrown  into  a  washing  machine,  where  it  is  thoroughly 

^  Hide  pieces  are  often  shredded  or  cut  small  to  expedite  the  liming  procesBy  and 
the  limes  are  sometimes  ''  sharpened  ''  with  soda. 


GLUE  AND  GELATINE  823 

agitated  in  a  continuous  stream  of  water  until  practically  all  of  the  lime  is 
washed  out,  which  may  be  determined  by  cutting  open  a  piece  of  stock 
and  testing  the  interior  with  litmus  or  phenolphthalein.  The  slight 
remaining  alkalinity  is  neutralized  by  soaking  in  very  weak  acid.  For 
very  clear  glues  HCl  is  used,  the  resulting  calcium  chloride  being  very 
soluble;  H2SO4  gives  a  precipitate  of  CaS04  which  renders  the  glue  more 
or  less  opaque.  At  this  point  sulphurous  acid  is  often  used  to  bleach  and 
further  plump  the  stock;  alum  is  also  used  to  bleach  the  stock  and  harden 
the  jelly.  After  thorough  draining  the  stock  is  transferred  to  the  boiling 
tank  or  kettle. 

The  *'  cone  washer  "  is  the  one  most  in  vogue  in  this  country;  the 
heavy  wooden  cone  kneads,  presses  and  turns  the  stock,  effectively 
loosening  the  lime  which  is  carried  away  by  a  stream  of  water  entering 
from  a  perforated  standpipe  at  the  center  and  flowing  through  perforated 
iron  plates  at  the  sides  or  bottom  of  the  tub. 

Fresh  Bone  is  sometimes  boiled  without  even  a  preliminary  washing; 
but  if  washed  and  degreased  (so-called  benzine  process)  it  yields  a  much 
clearer  glue.  Bones  may  be  made  into  glue  by  the  *'  sulphurous  acid 
process  "  patented  by  Grillo  and  Schroeder,  according  to  which  bones 
are  disintegrated  by  moist  sulphurous  acid  gas  or  liquid  SO2  according  to 
the  equation: 

Ca3(P04)2+S02+H20  =  Ca2H2(P04)2+CaS03. 

Bones  thus  treated  readily  dissolve  in  the  kettle;  any  acidity  is  neu- 
tralized with  milk  of  lime,  and  the  resulting  **  mud  "  after  the  calcium 
sulphite  is  oxidized  by  exposure  to  the  air  or  by  oxidizing  agents,  forms 
a  valuable  fertilizer. 

The  Boiling  Process.  In  the  extraction  (or  cooking)  of  glue  the 
prepared  stock  is  subjected  to  the  solvent  action  of  hot  water  by  which 
the  collagen  undergoes  a  change  into  glue.  Hofmeister  regards  this  process 
as  a  hydrolysis  proceeding  in  two  stages  according  to  the  equations: 

Ci02Hi49N3lO38  +  H2O  =  Ci02Hi5lNi3lO39; 
Collagen  +  Water  =  Gelatine 

Cl02H,5iN3lO39  +  2H2O  =  C55H85Nl7O22  +  C47H70Nl4O,9; 
Gelatine  +  Water   =  Semiglutin         +  Hemicollin 

but  in  dealing  with  substances  of  such  variable  composition,  empirical 
formulae  of  this  kind  have  no  great  significance.  Indeed  the  whole  boiling 
process  seems  rather  to  be  the  gradual  breaking  down  of  colloid  complexes 
with  accompanying  changes  in  the  amount  of  absorbed  water,  and  to 
consist  of  physical  as  well  as  chemical  changes. 

The  higher  the  temperature  and  the  longer  the  stock  is  exposed  to  it, 
the  more  rapidly  these  degenerative  changes  proceed  and  the  lower  the 
test  of  the  glue.  Hence  it  is  desirable  to  extract  the  stock  as  quickly 
and  at  as  low  a  temperature  as  possible.    Here  again  the  differences  in 
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stock  necessitate  the  use  of  different  types  of  kettles  or  cookers,  which 
may  be  grouped  into  two  classes:   1.  Open  tanks;  2.  Pressure  tanks. 

Open  Tank.  The  open  tank  usually  consists  of  a  rectangular  or  rcund 
wooden  tub  having  a  closed  steam  coil  over  which  a  perforated  false  bottom 
of  wood  or  iron  is  placed  so  as  to  leave  a  circulating  space  between  the  two. 
Upon  the  false  bottom  is  spread  a  layer  of  excelsior  to  serve  as  a  rough 
strainer,  and  on  top  of  this  the  stock  is  thrown  to  within  a  foot  or  so  of 
the  top.  Sufficient  clear  water  is  then  added  to  cover  the  stock,  and  steam 
turned  into  the  coil;  when  the  desired  temperature  is  reached,  the  steam 
is  cut  down  to  the  minimum  needed  to  maintain  it  until  a  sufficiently 
concentrated  "  soup  '^  or  glue  solution  is  obtained,  which  may  be  deter- 
mined by  chilling  a  sample  in  a  small  cup.  After  skimming  off  the  floating 
grease,  this  solution,  the  *'  first  run  "  as  it  is  called,  is  drawn  off  for  further 
treatment,  the  stock  again  covered  with  water  and  a  second  run  made  in 
like  manner,  the  same  process  continuing  as  long  as  any  glue  is  left  in  the 
stock.  The  last  run  or  washwater  is  extracted  at  boiling  heat  and  is 
usually  so  weak  that  it  must  be  added  to  another  kettle,  or  be  mixed  with 
a  stronger  preceding  run  or  else  be  evaporated. 

Hide,  sinew  or  ossein  stocks  are  the  ones  usually  boiled  in  the  open 
kettle,  and  as  they  are  greatly  softened  by  their  preliminary  liming,  they 
disssolve  at  comparatively  low  temperatures.  As  a  rule  three  or  four 
runs  suffice  to  exhaust  the  stock,  the  residue  of  which  (glue  manure  or 
tankage)  is  then  dried  for  use  as  fertilizer.  The  tankage  may  contain 
much  fat  or  insoluble  lime  salts  of  fatty  acids,  in  which  event  it  is  first 
boiled  with  H2SO4  to  liberate  the  grease. 

Temperature.  The  temperature  of  boiling  must  in  any  event  be  above 
that  favorable  to  bacterial  growth,  and  usually  begins  at  alx)ut  70°  C. 
(158°  F.),  gradually  increasing  with  each  successive  *'  run."  The  time 
required  for  boiling  a  '*  run  "  varies  from  one  or  two  to  six  or  eight  hours, 
depending  upon  the  softness  of  the  stock  and  the  temperature  usetl. 
Several  new  types  of  open  tanks  have  been  patented  in  which  the  w^ater 
is  caused  to  circulate  through  the  stock  by  mechanical  means  (rotarj- 
pumps,  etc.),  the  object  being  to  hasten  solution;  but  with  the  ordinary- 
tanks  the  stock  is  not  disturbed  or  at  most  occasionally^  stirred  with  a 
long  pole  to  open  it  up. 

Pressure  Tank.  The  pressure  tank  process  of  boiling  glue  is  practi- 
cally confined  to  untreated  bones.  The  tanks  consist  of  vertical  steel  or 
iron  cylinders  capable  of  withstanding  several  atmospheres  pressure, 
having  convex  ends  and  large  manholes  at  the  top  for  filling  and  at  the 
bottom  for  discharging  the  steamed  bone. 

The  bones  may  be  boiled  with  water  under  pressure  (10-20  lbs.),  the 
water  may  be  allowed  to  trickle  in  from  above  while  steam  enters  below 
(English  process)  or  the  condensation  of  the  steam  may  supply  the  neces- 
sary water  (French  process).  The  successive  runs  of  glue  obtained  are 
more  concentrated  than  by  the  open  tank  method,  but  as  a  rule  do  not 
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have  as  strong  a  jelly;  they  are  drawn  off  from  time  to  time  through  a 
perforated  false  bottom.  With  fresh  bones  a  large  quantity  of  bone  grease 
is  incidentally  produced. 

Treating  the  Liquors.  With  ordinary  glues,  the  liquors,  concentrated 
in  a  vacuum  evaporator  if  necessary,  and  preserved  with  antiseptics  if 
desired,  are  run  directly  into  galvanized  iron  pans  or  *'  coolers  ^^  where 
they  set  to  a  jelly,  a  process  which  frequently  has  to  be  assisted  by  artificial 
refrigeration  if  the  boilings  are  weak  or  the  weather  warm.  White  or 
opaque  glues  are  made  by  stirring  in  the  desired  quantity  of  oxide  of  zinc 
or  other  whitening  material,  before  pouring  the  liquor  into  the  pans. 

Clarification.  Although  ossein  and  calf  stocks  generally  yield  very 
clear  liquors,  in  order  to  secure  the  extremely  clear  jellies  required  for 
some  glues  and  food  gelatines,  both  chemical  and  mechanical  treatment 
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Side  view  of  one  alley. 

Fig.  339.— Ground  Plan  of  Dry  Room. 

of  the  liquors  are  resorted  to.  The  chemical  methods  consist  in  forming 
w^ithin  the  liquor  a  flocculent  precipitate  which  tends  to  absorb  and  carry 
down  with  it  the  turbidity-producing  particles.  Alum,  phosphoric  acid 
or  sulphurous  acid  followed  by  milk  of  lime,  and  blood  or  egg  albumen 
are  among  the  substances  thus  used.  After  the  addition  of  albumen, 
to  produce  coagulation  the  liquor  must  be  heated,  which  has  an  injurious 
effect  on  its  jellying  strength.  The  treated  solution  is  filtered  through  a 
filter  press  or  a  pulp  or  bone  char  filter,  and  then  run  into  the  pans. 

Drying.  The  "  coolers  "  or  moulds  are  dipped  for  an  instant  into 
hot  water  to  loosen  the  jelly  blocks,  which,  by  means  of  sharpened 
stretched  wires  operated  by  hand  or  arranged  in  special  glue  cutters, 
are  sliced  into  sheets  of  any  desired  size  and  thickness.  These  jelly 
sheets  are  spread   upon  galvanized  or  Hnen  nets,  and  high  piles  of  the 
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nets  (called  "  stacks  ")  are  mounted  upon  wheeled  trucks  and  are  run 
into  a  dry  room  against  a  current  of  warm  air  which  after  passing  over  a 
large  steam  coil,  enters  the  further  end  actuated  by  a  circulating  fan. 
Blower  or  pressure  fans,  and  suction  or  exhaust  fans  are  both  used.  See 
Fig.  339. 

As  the  drying  proceeds  and  the  glue  "  skins  over,"  it  can  be  pushed 
nearer  and  nearer  to  the  hot  coil  in  front  of  which  it  gets  its  final  "  baking  " : 
the  stack  is  then  withdrawn  through  a  side  door  and  the  finished  dry  glue 
taken  from  the  nets  to  be  broken,  ground,  and  packed  into  barrels,  bags 
or  packets. 

Drying  frequently  causes  the  manufacturer  much  concern,  for  weak 
jellies  are  apt  to  soften  and  stick  to  the  nets  or  even  rim  entirely  through 
to  the  floor;  and  besides  the  fresh  jelly  is  open  to  the  inroads  of  bacteria 
whose  action  may  result  in  black  or  offensive  smelling  glue. 


Grading  and  Testing 

None  of  the  so-called  chemical  tests  for  glue  have  any  practical 
significance,  but  by  experience  it  has  been  learned  that  glues  made  from 
certain  stock  and  possessing  certain  physical  characteristics  give  good 
results  when  used  for  certain  purposes.  The  most  important  physical 
characteristics  are  the  viscosity  and  the  jelly  strength  of  a  solution  of  the 
glue,  and  in  order  to  have  some  means  of  expressing  these  numerically, 
arbitrary  standards  have  been  selected  which  cover  the  wide  range  of 
commercial  glues  and  gelatines.  The  following  table  gives  the  viscosity 
and  jelly  strength  of  such  standards,  determined  on  solutions  of  25  grams 
of  glue  in  100  c.c.  of  water.^ 


Standard. 

Viscosities 

(in  sees.) 

at  80^  C. 

solution 

25  100. 

Allowable 

variation  of 

viscosities 

(in  sees.)- 

Jelly  strenKth 
(in  OSS.)  at 
10^  C. 

Jelly  strength 

(in  gms.)  at 

10   C. 

10 

15i 

±i 

20 

16 

±i 

— 

— 

30 

16i 

±i 

— 

40 

17 

±i 

60 

1701 

50 

18 

+i 

82 

2324 

60 

19 

±i 

104 

2948 

70 

20 

M 

126 

3572 

80 

21 

±i 

148 

4196 

90 

22 

±J 

170 

4820 

100 

23 

±i 

192 

5443 

110 

24 

±i  • 

214 

6067 

120 

25 

±1 

236 

6691 

130 

26 

zk3 

258 

7314 

140 

28 

±5 

— 

— 

1.50 

34 

±8 

— 

— 

160 

40 

=kl2 

'  See  /.  Soc,  Chem,,  Vol.  XXV.  p.  158  (1906). 
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The  standard  viscosities  were  determined  with  a  standardized  pipette 
which  permits  the  efflux  of  45  c.c.  of  water  80°  C,  in  exactly  15  seconds. 

To  determine  standard  jelly  strength  the  *'  shot  "  test  was  found 
unreliable,  and  a  special  instrument  was  devised.  It  consists  of  a  brass 
cylindrical  vessel  supported  like  a  gas  tank  by  four  vertical  rods,  against 
which  it  slides  with  almost  frictionless  roller  bearings.  This  brass  cup 
is  allowed  to  rest  on  a  truncated  cone  of  jelly  of  definite  size,  composi- 
tion, and  temperature;  and  shot  are  gradually  poured  into  the  cup  until 
a  definite  compression  of  the  jelly  is  observed.  Beneath  the  cup  are  two 
vertical  adjustable  brass  uprights  3.5  cm.  high,  connected  with  an  electric 
bell  circuit;  so  that  when  ths  cup  reaches  their  level,  it  completes  the  circuit 
and  the  bell  rings. 

The  weight  of  the  brass  cup  plus  the  weight  of  the  added  shot  gives 
a  figure  which  expresses  the  jelly  strength. 

The  jellies  are  cast  in  brass  cups  6  cm.  high,  5.5  cm.  in  diameter  at  the 
open  top,  and  5  cm.  at  the  bottom,  which  is  closed  with  a  tight  fitting 
external  friction  cap.  The  jellies  are  removed  by  dipping  the  cups  for 
an  instant  in  hot  water,  taking  care  that  no  material  loss  results.  The 
liberated  truncated  cones  should  be  4.5  cm.  high,  the  cups  being  filled  only 
to  that  level.  They  are  placed  in  a  thermostat  until  they  reach  the  required 
temperature,  10°  C* 

Thin  blown  glasses  about  8-8.5  cm.  high  and  5.5  cm.  in  diameter  are 
convenient  for  tests.  25  grams  of  each  glue  to  be  tested  is  broken  into 
small  pieces  and  soaked  in  100  c.c.  of  water  until  softened;  and  at  the  same 
time  a  number  of  standard  glues,  above  referred  to,  are  treated  in  like 
manner.  All  the  glasses  are  at  the  same  time  placed  in  a  water-bath, 
heated  to  80°  C,  and  stirred  until  a  perfect  solution  is  obtained.  More 
or  less  than  25  grams  per  100  c.c.  can  be  used  as  long  as  the  standards  and 
unknown  glues  are  all  treated  alike.  The  reaction  is  determined  with 
litmus  paper.  In  cases  where  the  degree  of  acidity  or  alkalinity  is  desired, 
a  separate  titration  is  made. 

Viscosity  or  Running  Test.  Keeping  the  temperature  uniform,  the 
viscosity  is  determined  by  running  the  hot  solution  from  a  pipette,  noting 
the  time  of  efflux  by  a  stop-watch.  The  relative  viscosities  are  thus 
fixed  in  seconds.  After  each  determination,  the  pipette  is  washed  with 
hot  water,  and  care  must  be  taken  that  no  partially  evaporated  glue  or 
slime  clogs  the  outlet.  While  running,  the  pipette  may  be  kept  in  a 
specially  constructed  thermostat.  More  complicated  viscosimeters,  as 
Engler*8  or  the  Rideal-Slotte  instrument,  may,  of  course,  be  used. 

The  odor  of  the  hot  solution  is  then  noted,  and  the  glue  rated  as  sweet 
or  "  oflF."  Decomposition  is  readily  detected,  although  it  is  often  masked 
by  phenol  or  ethereal  oils.  Besides,  the  smell  gives  some  indication  of 
the  stock  from  which  the  glue  was  made. 

'  The  standard  jelly  tester  and  pipette  are  to  be  had  of  Eimer  &  Amend,  New 
York. 


828  INDUSTRIAL  CHEMISTRY 

Grease.  The  glue  solution  is  painted  on  a  piece  of  white  paper  with 
a  little  aniline  or  dry  color,  and  spots  of  "  eyes  ''  appear  roughly  propor- 
tionate to  the  amount  of  grease  present. 

Foam  is  determined  by  agitating  the  solution  with  a  rod  or  mechanical 
agitator.  An  egg  heater  serves  very  well.  Like  grease,  foam  is  estimated 
on  a  comparative  basis. 

Comparative  Set.  The  glues  are  then  taken  from  the  bath,  allowed 
to  cool,  and  the  comparative  set  or  speed  with  which  the  jellies  harden  is 
noticed. 

Jelly  Strength  or  "  Test."  When  the  jellies  have  reached  the  room 
temperature,  the  jelly  strength  or  **  test  "  is  determined.  For  speed  and 
perhaps  also  accuracy,  we  prefer  the  **  finger  test,"  and  grade  the  jellies 
comparatively  by  pressure  with  the  finger  tips,  the  unknown  glues  natu- 
rally grouping  themselves  as  stronger  or  weaker  in  jelly  than  the  several 
standards.  Notwithstanding  the  personal  equation,  expert  operators 
obtain  much  more  uniform  results  in  this  w^ay  than  are  given  by  the 
various  mechanical  devices. 

Melting-point.  Tlie  melting-point  of  the  jelly  as  described  by  R. 
Kissling  {Chem.  Zeiiung,  1901,  25,  264)  is  also  of  considerable  value,  for 
generally  speaking,  it  is  proportionate  to  the  jelh^  strength.  It  may  be 
determined  by  the  simple  apparatus  described  by  N.  Chercheffsky  (Chem. 
Zeiiung,  1901,  25,  413). 

Strictly  speaking,  a  glue  jelly  has  no  absolute  melting-point,  for  it 
softens  up  gradually  and  shows  no  sharp  line  of  demarcation  between 
solid  and  liquid.  Perhaps  the  best  way  is  to  put  the  test  glasses  back 
into  the  water-bath,  ahd  gradually  raise  the  temperature,  noting  compara- 
tively how  the  jellies  melt. 

Absorption  Test.  Schattmann  (Dingler^s  PolyL  Joum.,  1845,  p.  115) 
proposed  as  a  means  of  valuation,  to  determine  the  percentage  of  water 
a  glue  will  absorb  under  fixed  conditions.  The  water  absorption  is  usually 
in  proportion  to  the  jelly  strength,  which  is  the  more  reliable  figure. 

Binding  or  Adhesive  Strength.  For  this  there  is  no  one  test  that 
can  have  a  general  application;  the  glue  must  be  tried  under  actual 
working  conditions.  It  stands  to  reason  that  if  a  glue  is  to  be  used  to 
hold  clay  to  paper,  it  is  of  small  interest  what  its  binding  strength  is  on 
mahogany,  maple  or  porcelain  blocks.  Very  often,  in  fact,  a  glue  that  will 
size  pap(*r  perfectly  will  not  make  a  joint. 

Keeping  Properties.  The  glasses  are  then  allowed  to  stand  uncovereti 
at  room  temperature  for  several  days  to  observe  relative  keeping  quali- 
ties of  the  jellies.  If  the  keeping  property  under  special  conditions  is 
desired,  these  conditions  are  simulated. 

As  before  suggested,  these  test  figures  must  be  read  in  the  light  of 
experience,  and  no  one  of  them  is  sufficient  to  determine  the  value  of  a 
glue.  The  only  test  that  can  be  accepted  as  conclusive  is  a  practical 
trial  of  the  glue  under  actual  working  conditions,  which  vary  in  each  case. 


GLUE  AND  GELATINE  829 

Use.  Glue  is  used  for  a  multitude  of  purposes.  Each  line  of  work 
has  its  special  requirements,  and  years  of  experience  are  necessary  to  pick 
out  the  right  glue  for  the  work.  Trouble  may  he  caused  by  a  glue  that 
is  too  strong  as  well  as  by  one  that  is  too  weak.  Altliough  in  using  glue 
the  most  important  thing  is  the  selection  of  the  right  glue  for  the  work, 
much  depends  upon  its  proper  preparation  and  application.  If  anything 
that  is  glued  up  comes  apart,  the  immediate  verdict  is  '*  bad  glue,''  which 
is  often  unjustifiable,  for  poor  judgment  or  unskillful  workmanship  may 
be  responsible. 

In  preparing  glue  for  use  the  following  points  should  be  oljserved: 

1.  Use  definite  weights  of  ^lue  and  water.  Glue  is  sold  by  the  pound 
and  should  be  used  by  the  pound.  2.  Soak  the  glue  in  cold  water  until 
it  has  thoroughly  softened.  Ground  glue  softens  more  quickly  than 
sheet  or  flake  glue,  and  is  therefore  preferable,  other  things  being  equal. 
3.  Melt  in  a  water  or  steam  bath,  and  keep  at  as  low  a  temperature  as 
is  consistent  with  the  work.  Prolonged  heating  injures  glue,  so  that  it 
is  advisable  to  heat  up  successive  small  lots  of  the  soaked-up  material, 
rather  than  have  a  large  lot  remain  heated  for  a  long  time.  4.  Make  good 
evaporation  from  the  glue-pot  by  the  addition  of  water  if  necessary. 
5.  Use  clean  utensils.  6.  Fit  the  strength  of  the  solution  to  the  work — 
don't  use  the  glue  too  thick  or  too  thin.  7.  If  surfaces  are  to  be  joined, 
have  them  dry  and  warm,  if  possible,  and  apply  pressure  until  the  glue 
has  sufficiently  "  set." 

Glues  for  particular  purposes  should  be  chosen  as  follows:  ^ 

Wood  Joints.  Most  preferable  are  hide  glues  from  grade  70  up.  Lower 
test  hide  glues  may  give  trouble.  While  some  bone  glues  answer  admir- 
ably, in  general  they  should  be  avoided.  The  pieces  to  be  joined  should 
be  thoroughly  fitted,  dry,  and  of  sea.soned  wood. 

Veneers.  Most  advantageous  is  a  bone  and  hide,  or  bone  and  sinew 
mixture,  testing  between  grades  50  and  70.  Higher  test  glues  are  apt 
to  set  too  quickly.  Pure  hide  or  sinew  glue  is  better,  but  more  expensive, 
while,  for  cheap  large  surface  work,  bone  glue  may  be  used.  If  worked 
on  a  veneering  machine,  freedom  from  foam  i^  essential. 

Sizing.  As  most  sizing  is  done  with  special  macfiinery,  each  case  must 
be  considered  individually.  Generally  a  free  flowing  glue,  free  from  foam, 
is  required.  If  used  to  surface  paper,  grease  is  undesirable,  as  is  any 
marked  acidity  or  alkalinity  which  might  turn  the  shade  of  the  colors 
with  which  the  size  is  mixed. 

Paper  Boxes.  For  '^  setting  up,"  quick  setting  hide  glues,  grades 
70  to  90  are  best.  For  *'  covering,"  lower  test  is  necessary  to  prevent 
the  glue  setting  too  quickly;  bone  glues,  testing  grades  40  to  60,  are  most 
desirable.     Of  course,  to  the  relatively  higher  test  glues  more  water  can 

*  These  numbers  refer  to  the  standard  grades  given  in  column  one  of  the  table 
on  page  826. 
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can  be  added;   consequently  they  go  further,  and  it  is  only  a  matter  of 
proportion  between  strength  and  cost  to  determine  the  value. 

Leather  Goods  and  Belting.  Here  the  main  points  are  flexibility, 
tenacity,  and  resistance  to  moisture.  Nothing  under  grade  100  should 
be  used,  and  higher  test  goods  are  to  be  recommended,  because  they  are 
less  sensible  to  moisture,  and  interpose  less  mass  between  the  surfaces 
joined.  Fish  glue,  once  largely  used,  is  in  disfavor,  being  too  hygroscopic. 
Most  leather  belt  manufacturers  make  their  own  special  "  cement," 
using  high  grade  glue  or  gelatine  as  a  base,  and  mixing  it  with  glycerin 
and  other  ingredients. 

Bookbinding.  For  rounding  and  backing,  hide  glues  testing  between 
grades  80  and  100  serve  very  well.  If  brittle  low  test  or  bone  glues  are 
used,  the  books  are  apt  to  crack  down  the  back.  Where  simple  pasting 
work  is  to  be  done,  any  sweet  low-grade  glue  will  anwer. 

In  all  cases  especial  machinery  demands  glue  suited  to  its  particular 
requirements. 

Gelatine.  Only  high  testing  sweet  glues  made  from  selected  clean 
stock  under  sanitary  conditions,  and  free  from  objectionable  chemicals, 
should  be  sold  as  gelatine  to  be  used  for  food  purposes.  Gelatine  is  a  very 
valuable  addition  to  the  dietary  as  the  use  of  calf's  foot  jelly  for  invalids 
would  indicate,  for  it  facilitates  digestion  and  conserves  the  body's  nitrogen. 
Being  a  typical  reversible  colloid,  it  is  used  in  small  quantity  in  marsh- 
mallow  confectionery  to  prevent  the  crystallization  of  the  sugar;  and  in 
ice  cream  besides  preventing  grainy  crystallization,  it  inhibits  the  curding 
of  the  casein  (an  irreversible  colloid)  thus  enhancing  the  digestibility 
of  both  the  casein  and  milk  fat.  It  has  in  fact  been  reconunended  as  an 
addition  to  infants'  milk.^ 
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CASEIN 

E.  L.  TAGUE 
Professor  of  Chemitttry,  Washburn  College f  Topeka^  Kansas 

Casein  belongs  to  that  great  family  of  nitrogenous  organic  compounds 
called  proteins.  It  is  a  very  complex  colloidal  substance  found  in  the 
milk  of  mammals  and  in  the  juices  and  seeds  of  certain  leguminous  plants. 
In  the  modified  form  of  cheese,  casein  from  cows'  milk  has  been  used  as 
a  food  from  the  earliest  times,  but  its  chemical  composition  and  its  mani- 
fold uses  in  the  technical  world  were  not  known  till  recent  years. 

Casein  exists  in  milk  in  the  form  of  a  colloidal  suspension  or  emulsion, 
not  in  the  free  state  but  in  combination  with  calcium.  Hammarsten, 
who  first  investigated  this  substance,  called  it  calcium  caseinogenate. 
He  used  the  name  caseinogen  for  the  protein  complex  as  it  existed  natu- 
rally in  milk  and  casein  for  the  precipitated  or  coagulated  substance.  The 
calcium  caseinogenate  envelops  the  butter-fat  globule  and  together  with 
the  calcium  phosphate  emulsifies  it. 

The  casein  molecule  consists  of  six  elements,  carbon,  52.96  per  cent; 
hydrogen,  7.04  per  cent;  nitrogen,  15.6  per  cent;  oxygen,  22.78  per  cent; 
sulphur,  0.8  per  cent;  phosphorus,  0.82  per  cent.  Hammarsten  gives  the 
following  formula  for  casein:  viz.,  C172H274N44SPO55.  The  inner  group- 
ing of  these  atoms  is  still  unknown. 

Chemistry.  Casein  can  be  precipitated  from  milk  or  other  solutions 
by  the  addition  of  very  dilute  acids  in  slight  excess.  This  is  the  only 
method  of  obtaining  it  in  the  free  state.  There  are  certain  other  precipi- 
tants,  but  in  this  case  the  casein  is  obtained  in  a  modified  form,  either  in 
combination  with  the  precipitant  or  as  the  original  calcium  caseinogenate. 
Solutions  of  the  salts  of  the  heavy  metals  precipitate  the  corresponding 
salt  of  casein  with  that  metal.  Saturation  with  neutral  salts  or  alcohol 
gives  a  precipitate  of  calcium  caseinogenate,  while  alkaloids,  or  anilin 
dyestuffs  form  complex  compounds.  These  precipitants  are  not  used 
except  in  cases  where  that  particular  compound  is  desired  as  the  end 
product.  Certain  enzymes  precipitate  casein  from  milk,  but  the  product 
is  still  further  modified,  often  with  a  partial  cleavage  of  the  protein 
molecule; 
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The  addition  of  dilute  acids  decompose  the  calcium  caseinogenate 
with  the  formation  of  the  calcium  salt  of  the  acid  and  the  precipitation 
of  free  casein.  There  is  considerable  evidence,  however,  that  the  casein 
salt  of  the  acid  is  first  formed  and  then  this  is  broken  down  into  free 
casein  by  the  water  present.  The  action  of  enzymes  is  more  compli- 
cated. Rennet  precipitates  cheese,  which  is  not  free  casein  but  the  cal- 
cium salt  of  a  cleavage  product  of  the  casein  molecule  called  paraea^sein. 
This  enzyme  is  obtained  chiefly  from  the  gastric  mucosa  of  calves.  It 
will  not  act  except  in  the  presence  of  soluble  lime  salts,  which  ordinarily 
occur  in  sufficient  quantities  in  milk.  The  action  of  rennet  takes  place 
in  two  stages;  first,  the  enzyme  splits  the  casein  molecule  into  two  parts, 
soluble  casein  and  whey  protein;  then  the  calcium  from  the  calcium  salts 
in  solution  unites  with  the  soluble  casein  and  forms  an  insoluble  curd 
of  calcium  paracaseate,  while  the  whey  protein  goes  into  solution. 

Casein  is  readily  soluble  in  dilute  aqueous  solutions  of  the  caustic 
alkalis,  the  normal  and  acid  carbonates  of  the  alkalis  and  alkaline  earths, 
and  in  moderately  strong  acids.  It  is  very  easily  broken  dowTi  into  sim- 
pler compounds  (hydrolysis)  if  the  above  solvents  are  used  in  excess. 

It  is  practically  insoluble  in  alcohol,  ether  and  water. 

Casein  is  at  least  a  tetrabasic  acid,  but  like  nearly  all  other  compounds 
which  contain  the  amino  group,  it  can  act  also  as  a  base.  Consequently 
it  forms  salts  with  both  acids  and  bases.  The  salts  with  the  alkaU  base< 
can  be  obtained  as  dry  powders  by  the  evaporation  of  their  solutions. 
The  following  salts  of  casein  with  bases  have  been  prepared:  Ca,  Xa. 
K,  NH4,  Cu,  Fe,  Mg,  and  Hg.  All  soluble  salts  of  casein  can  be  renden^  1 
insoluble  by  treatment  with  formaldehyde,  with  soluble  chromates,  or 
with  hexamethylenetetramine.  In  the  dry  or  moist  condition  free  cast^'n 
is  very  susceptible  to  high  temperatures.  Its  solutions  are  not  coagiilabK^ 
by  heat,  are  l^evorotatorj'^  to  polarized  light  and  can  be  boiled  without 
alteration. 

Occurrence.  Casein  exists  in  cows^  milk  to  the  extent  of  about  3i 
per  cent  and  forms  80  per  cent  of  the  entire  protein  content.  Commercial 
casein  is  prepared  exclusively  from  cows*  milk.  Ordinarily  it  is  a  perfectly 
white,  ashless,  hygroscopic  powder,  but  under  certain  conditions  it  can 
be  made  in  the  form  of  glassy  transparent  grains. 

Preparation  of  Technical  Casein.  One  of  the  principal  requirements 
of  technical  casein  is  freedom  from  fats.  To  this  end  sweet  milk  is  put 
through  a  certrifugal  cream  separator  and  then  4-6  per  cent  caustic  soda 
(or  better  10  per  cent  sodium  bicarbonate)  is  added.  The  amount  of 
alkali  is  based  upon  the  casein  content  of  the  milk.  The  solution  is 
slightly  warmed  and  put  through  the  separator  several  times  again.  This 
procedure  removes  practically  all  the  fats.  The  milk  is  run  into  a  vat 
and  dilute  sulphuric  or  hydrochloric  acid  is  added  by  degrees  and  the 
solution  constantly  stirred.  Small  portions  are  taken  out  from  time  to 
time  and  tested  with  acid  until  precipitation  is  complete.     Aft-er  precipi- 
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tation  the  curd  is  allowed  to  settle  and  the  supernatant  liquid  siphoned 
off.  The  curd  is  stirred  up  with  cold  water,  allowed  to  settle  again  and 
the  water  siphoned  off  as  before.  This  is  repeated  until  the  effluent  water 
is  perfectly  neutral. 

The  curd  is  then  placed  on  cheesecloth  filters,  or  on  a  sloping  table 
and  allowed  to  drain.  Xext  it  is  put  into  strong  cloths  and  pressed  in 
an  ordinary  cheese  press  until  no  more  water  conies  away.  The  curd 
must  then  be  dried,  and  in  order  to  facilitate  this  process,  it  is  necessary 


Fio.  340.— Vacuum  Dryer,' 

to  break  it  up  into  very  small  pieces.  This  is  done  by  a  curd  mill  in  which 
the  curd  pas.ses  between  toothed  rollers.  Since  ca-sein  is  very  susceptible 
to  heat  it  mast  be  dried  at  a  very  low  temperature.  This  is  accompIi.shetl 
in  several  ways.  One  of  the  best  methods  is  by  means  of  the  vacuum 
dryer,  which  consists  of  a  steam  jacketed  outside  cylinder  and  a  concen- 
tric revolving  inside  drum,  heated  by  live  or  exhaust  steam  (Fig.  340). 
To  the  inside  drum  stirring  blades  are  attached.  The  casein  is  dried 
between  the  inside  drum  and  the  outside  cylinder,  and  is  kept  in  constant 
motion  by  the  stirring  blades.  After  charging  the  apparatus,  the  manhole 
1  J.  P.  Devine,  Buffalo,  N.  Y. 
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is  closed  and  a  high  vacuum  produced  by  means  of  an  air  pump,  the  vapors 
passing  into  a  condenser. 

Another  vacuum  dryer  consists  of  a  steel  vacuum  chamber  with 
rubber  shod  doors.  The  requisite  temperature  is  obtained  by  means 
of  a  coil  of  pipe  filled  with  hot  water  or  steam  and  placed  around  the  inside 
of  the  chamber.  The  well  pressed  casein  is  placed  on  trays  made  by 
stretching  cheesecloth  over  wooden  frames.  These  trays  fit  into  grooves 
on  the  inside  of  the  vacuum  chamber. 

In  some  factories  the  fine  curd  is  dried  by  feeding  it  into  a  revolving 
steel  drum  which  is  enclosed  in  another  stationary  one.  The  spa<re 
between  the  two  drums  is  filled  with  hot  water.  The  entire  apparatus 
is  set  on  an  incline  so  that  the  curd  which  is  fed  in  at  the  upper  end  will 
pass  through  the  drum  as  it  revolves,  and  finally  emerge  in  a  well-dried 
condition  at  the  lower  end.  After  being  placed  in  sacks  or  barrels  the 
dried  casein  is  ready  for  shipment. 

Well-dried  casein  will  keep  indefinitely  if  properly  protect^  from 
moisture.  Since  some  of  the  bacteria  of  the  milk  must  inevitablv  find 
their  way  into  the  casein,  or  outside  bacteria  contaminate  it,  the  least 
amount  of  moisture  will  start  decomposition.  Some  manufacturer? 
sprinkle  a  few  cubic  centimeters  of  alcohol  into  each  container.  The 
alcohol  vaporizes  gradually  and  inhibits  the  growth  of  bacteria. 

Technical  Applications  of  Casein.  The  colloidal  nature  of  casein 
renders  it  especially  useful  as  an  adhesive.  The  true  solutions  of  casein 
are  not  colloidal,  and  consequently  are  neither  viscous  nor  adhesive. 
To  attain  this  end  the  amount  of  alkali  used  must  not  be  quite  sufficient 
to  dissolve  the  casein,  i.e.,  to  make  a  true  solution.  In  this  case  the  casein 
is  not  all  dissociated,  but  the  entire  mass  is  rendered  extremelv  colloidal. 
The  adhesive  qualities  can  be  imparted  to  casein  solutions  by  the  addition 
of  tannin,  or  some  alkali  tannate,  e.g.,  calcium  tannate.  The  use  of  tannin, 
however,  is  not  satisfactory,  because  of  the  discoloration  produced  in  the 
solution  by  the  action  of  tannin  on  the  iron  salts,  which  are  always  present 
to  a  very  small  amount,  either  in  the  casein  or  in  the  water  used. 

Preparation  and  Applications.  Dried  casein  is  soaked  in  an  equal 
weight  of  water  for  two  hours.  The  casein  swells  up  but  does  not  dissolve. 
At  the  end  of  that  time  14  per  cent  borax  in  a  hot  saturated  solution  is 
added  and  stirred  continuously  till  solution  is  complete.  A  thick  mucil- 
aginous dough  results  which  can  be  thinned  down  to  any  desired  consist- 
ency with  hot  water.  Sodium  bicarbonate,  sodium  tungstate,  anmionia 
or  the  caustic  alkalis  can  be  used  in  place  of  borax.  Sodium  silicate  and 
lime  are  best  when  a  cement  for  porcelain,  metals  or  stoneware  is  desired. 
Calcined  magnesia  produces  a  quick  hardening  cement.  The  adhesive 
properties  can  be  increased  by  the  addition  of  a  little  sodiimi  arsenate, 
and  a  small  amount  of  camphor  will  effectually  protect  all  these  adhesives 
from  the  ravages  of  insects. 

These  glues  are  put  on  the  market  in  two  forms,  first  in  a  dissociated 
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condition  ready  for  use,  second,  as  a  dry  powder  in  which  the  requisite 
amount  of  casein  and  alkali  are  ready  mixed.  In  the  latter  case  it  is  only 
necessary  to  add  hot  water  to  the  powder,  stir  till  dissolved  and  then 
thin  dow.1  to  the  desired  consistency  with  hot  water.  In  the  woodworking 
and  cardboard  industries  the  casein  glues  are  superior  to  the  ordinary 
adhesives.  They  are  inodorous  and  gradually  harden  and  become  insol- 
uble. Bottle  labels  and  the  like  when  moistened  with  formaldehyde, 
dried  and  coated  with  casein  will  effectually  resist  moisture.  If  a  putty 
is  desired  it  is  only  necessary  to  add  powdered  lime  and  knead  until  a 
thick  dough  is  secured.  This  hardens  very  quickly  and  serves  all  the 
purposes  of  putty. 

Casein  in  the  Paper  Industry.  The  paper  industry  offers  an  ever- 
widening  field  for  the  use  of  casein.  The  utility  of  paper  itself,  and  all 
substances  made  from  it,  or  wood  pulp,  owe  their  increased  utility  to  some 
of  the  peculiar  qualities  imparted  to  them  through  the  medium  of  casein 
solutions.  Cardboard,  paper  flasks,  buckets,  bags  and  wrapping  papers 
can  be  made  waterproof  by  impregnating  theqi  with  casein  solution  and 
subsequently  exposing  them  to  formaldehyde  vapors.  Paper  bottles 
can  be  made  sterile  and  impervious  to  moisture,  milk,  oils  and  other  liquids 
by  the  same  process.  Wall  paper  can  be  made  washable  and  antiseptic. 
Paper  slates  and  drawing  papers  can  be  made  erasable  by  coating  them 
with  casein  solution  to  which  finely  divided  magnesia  or  lime  has  been 
added.  The  sizing  or  enameling  of  paper  in  this  manner  has  reached 
remarkable  proportions.  In  this  industry  casein  glue  is  used  as  a  bind 
for  the  enameling  substance  and  as  a  fixing  agent  for  the  colors. 

Preparation  and  Application.  Borax  or  soda  casein  is  diluted  down 
to  the  right  consistency  with  hot  water  and  finely  powdered  china  clay, 
kaolin  or  chalk  together  with  the  desired  coloring  matter  is  added.  This 
mixture  is  thoroughly  incorporated  together  and  placed  in  a  vat.  The 
paper  to  be  coated  is  made  to  pass  in  an  endless  chain  so  that  a  small 
amount  of  this  prepared  mixture  is  transferred  to  the  paper  by  a  fine 
brush.  The  sheet  then  passes  between  other  brushes  which  scrub  the 
coating  into  the  interstices  of  the  paper  and  at  the  same  time  remove 
any  excess.  Next  the  paper  passes  through  a  drying  chamber,  where  it 
is  partially  dried,  and  at  last  between  heated  rollers,  which  press  the 
coating  into  a  hard  smooth  finish. 

Casein  Paints.  Casein  combines  with  certain  substances  to  form 
agglutinant  compounds  which  are  very  stable  and  extremely  resistant 
to  moisture  and  other  atmospheric  changes.  They  all  become  more  or 
less  insoluble  on  exposure  to  air.  In  addition  it  forms  compounds  with 
coloring  pigments,  aniline  dyestuffs  and  certain  substances  used  for  sub- 
strates. These  properties  render  a  solution  of  casein  mixed  with  coloring 
matters  especially  useful  as  a  paint  or  varnish,  in  which  case  the  alkali 
solution  of  casein  takes  the  place  of  linseed  oil.  Both  acid  and  basic 
anilin  dyes  can  be  precipitated  on  any  substratum  by  casein.     Paintings 
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executed  on  canvas  with  casein  colors  will  resist  atmospheric  changes  for 
years.  They  show  remarkable  brightness  of  color  and  a  splendid  velvety 
sheen.  They  can  be  rendered  waterproof  by  formaldehyde  and  are  easily 
cleaned. 

These  paints  are  generally  used  as  a  thin  liquid  or  paste  in  which  the 
casein  exists  in  a  partially  dissociated  condition.  They  are  similar  to 
water-color  paints  in  that  they  dry  very  quickly  and  without  gloss.  The 
surfaces  to  be  painted  do  not  need  any  especial  preparation,  although  all 
previous  applications  of  oil  paints  must  be  removed. 

Preparation  and  Application.  Casein  paints  consist  of  an  alkaline 
solution  of  casein  together  with  a  suitable  filler  and  color  pigment.  The 
binding  medium  is  made  by  dissolving  casein  in  an  aqueous  solution  of 
caustic  soda,  borax,  sodium  bicarbonate,  ammonia  or  sodium  silicate. 
A  small  amount  of  an  aqueous  solution  of  soap,  wax  or  rosin  is  sometimes 
added  in  order  to  protect  the  fine  particles  of  coloring  matters  from 
atmospheric  influences,  and  a  few  cubic  centimeters  of  formaldehyde  or 
phenol  to  render  the  casein  antiseptic  and  to  prevent  the  growth  of  molds 
and  bacteria.  For  frescoing  and  inside  ornamental  work  kaolin,  china 
clay,  lime  or  powdered  feldspar  is  added  as  a  filler  and  to  give  bulk  and 
covering  power.  For  artists'  canvas  the  dissociated  casein  is  emulsifiecl 
by  oils  or  fats  so  that  the  natural  color  of  the  pigment  will  not  be  altered 
by  the  binding  medium.  The  addition  of  glass  fluxes  and  metallic  oxides 
produce  an  enamel-like  finish  and  asbestos  or  diatomaceous  earth  givc*s 
a  fireproof  covering.  For  outside  work  on  buildings,  etc.,  the  media  must 
be  incorporated  with  quicklime  or  cement  both  of  which  form  insoluble 
compounds  with  casein  upon  drying. 

The  next  step  is  to  mix  one  of  the  above  media  with  the  desired  pig- 
ments. It  is  absolutely  necessary  that  the  pigment  be  indifferent  to  the 
alkali  used.  The  pigments  most  suitable  for  white  are:  baryta,  white 
lead,  china  clay,  lithophone  or  zinc  white;  for  red,  carmine,  Indian  red, 
and  vermilion;  for  yellow,  cadmium  yellow,  Naples  yellow,  or  yellow 
ocher;  for  black,  ivory  black,  or  lamp  black;  for  blue,  cobalt  blue,  indigo 
or  ultramarine;  for  green,  chrome  green,  cobalt  green  or  emerald  green. 

The  proportions  of  binding  medium,  filler  and  pigment  varj'  according 
to  the  nature  of  the  work.  When  these  paints  are  intended  for  shipment 
and  use  at  a  distance  the  above  ingredients,  in  a  dry  condition,  are  mixeil 
together  in  the  proper  proportions,  ground  to  a  fine  powder  in  a  paint 
mill  and  packed  in  tight  containers.  This  mixture  will  keep  indefinitely 
if  protected  from  air  and  moisture.  It  is  made  ready  for  use  by  adding 
50  parts  of  water  to  every  100  parts  of  the  powder  and  allowing  it  to  stand 
for  some  time.  The  alkali  dissolves  in  the  water  and  in  turn  acts  as  a 
solvent  for  casein.  The  mixture  is  then  thoroughly  incorporated  together 
by  repeated  stirring  and  thinned  down  to  the  required  consistency  with 
hot  water.  The  paint  is  then  ready  for  use  and  can  be  applied  in  the  same 
way  as  oil  paints,  the  only  necessary  precaution  being  to  keep  the  mixture 
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thoroughly  stirred.  These  paints  will  adhere  to  almost  any  surface  and 
will  set  very  hard  in  a  short  time. 

Plastic  Masses  from  Casein.  Casein  is  analogous  to  other  compounds 
having  strong  adhesive  qualities  in  that  a  great  variety  of  plastic  masses 
can  be  made  from  it,  either  alone  in  the  form  of  a  fine  powder,  or  in  an 
alkaline  solution  together  with  admixtures  of  other  substances,  such  as 
paper,  bone  dust,  powdered  stone,  etc.  These  mixtures  possess  the  property 
of  becoming  very  plastic  under  the  influence  of  heat  and  in  this  condition 
they  can  be  kneaded,  rolled,  pressed  or  moulded  into  any  desired  shape. 
They  dry  very  quickly,  are  non-inflammable  and  do  not  shrink  on  drying 
provided  an  excess  of  water  is  avoided  in  the  process  of  mixing.  Any 
desired  color  can  be  added  or  transparent  homy  masses  obtained.  Articles 
made  from  these  mixtures  can  be  turned  in  a  lathe,  or  shaped  by  any 
other  cutting  tool,  and  when  finished  take  a  fine  polish. 

Preparation  and  Application.  If  casein  is  used  alone  it  is  preferable 
to  use  the  moist  curd.  This  is  heated  to  175°  F.,  and  kneaded  till  a 
homogeneous  mass  is  secured.  It  is  then  pressed  or  moulded  into  the 
desired  shape  and  very  carefully  dried.  If  it  is  desired  to  incorporate 
other  substances,  the  alkaline  solutions  of  casein  are  preferable.  In  this 
case  it  is  necessary  to  partially  precipitate  the  casein  with  acids  or  salts 
in  order  to  obtain  the  maximum  plasticity.  Other  substances,  such  as 
powdered  feldspar  and  pigments,  are  added  and  the  mass  treated  as  in 
the  case  of  moist  curd.  Thin  plates  or  ornamental  designs  of  the  above 
are  used  for  paneling  and  inside  decorations.  For  chessmen,  toys, 
etc.,  the  addition  of  strontium  hydroxide  and  powdered  marble  give 
articles  of  exceptional  hardness  and  durability. 

In  Germany  great  progress  has  been  made  in  the  manufacture  of 
imitation  celluloid  articles  from  an  admixture  of  casein  and  celluloid,  or 
casein  and  cellulose  or  nitrocellulose.  For  this  purpose  casein  and  cellu- 
lose are  dissolved  separately  in  acetic  acid  and  then  mixed  together  and 
carefully  evaporated.  The  inflammability  of  celluloid  itself  can  be 
diminished  by  the  incorporation  of  a  small  amount  of  casein  with  it. 

The  greatest  achievement  along  this  line,  however,  is  galalithf  a  sub- 
stance made  from  casein,  either  in  an  alkaline  solution  or  in  the  dry 
powdered  state.  This  is  rendered  colloidal  by  a  small  amount  of  acids 
or  salts,  and  after  kneading  to  a  homogeneous  mass  and  moulding,  it 
is  very  carefully  dried  and  rendered  insoluble  by  formaldehyde.  It  is 
harder  than  celluloid,  a  non-conductor  of  electricity,  inodorous  and  non- 
inflammable.  It  can  be  rolled  into  thin  sheets  or  thick  plates  and  used 
in  place  of  mica  on  electrical  instruments. 

Other  substances  akin  to  the  above,  such  as  imitation  leather  or  lin- 
oleum, can  be  made  by  impregnating  a  mass  of  vegetable  fibers  or  animal 
hair  with  a  mixture  of  oil,  turpentine,  glycerin  and  casein  glue.  This 
is  partially  dried  and  treated  with  aluminium  acetate,  after  which  it  is 
thoroughly  pressed  between  heated  rollers.    By  pressing  several  sheets 
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together  a  leather  of  any  desired  thickness  can  be  secured.  A  mixture 
of  casein,  vegetable  oil,  caoutchouc  or  rosin  gives  a  substance  which  is 
one  of  the  best  electrical  insulators  known. 

Uses  of  Casein  in  Dyeing  and  Printing  Textile  Fabrics.  When  textile 
fabrics  are  impregnated  with  a  solution  of  casein,  the  fiber  becomes  coated 
with  a  thin  layer  of  casein  which  materially  increases  the  absorption  of 
the  dyestuffs  in  the  bath.  It  thus  acts  as  a  mordant  for  the  colors.  When 
used  alone  it  acts  as  a  loading  or  softening  agent  for  silk  and  cotton  goo<Ls 
and  renders  the  cloth  more  impervious  to  water.  At  first  only  the  alka- 
line solutions  of  casein  could  be  used,  but  recently  it  has  been  discovered 
that  under  certain  conditions  the  dye  bath  could  be  made  acid  without 
precipitating  the  casein. 

Preparation  and  Application.  The  general  method  consists  in  soaking 
the  fabric  in  the  casein  solution  and  then  passing  it  through  the  dye  bath. 
Afterwards  the  fabric  is  dried  and  the  coating  rendered  insoluble  by  expo- 
sure to  the  vapors  of  formaldehyde,  or  by  dipping  it  into  a  solution  of 
aluminium  acetate.  Another  method  is  to  incorporate  the  dyestuffs  with 
the  casein  solutions  and  complete  the  operation  of  dyeing  and  mordanting 
in  one  bath.  The  addition  of  glycerin  to  the  above  solutions  renders 
the  fabric  more  flexible  and  increases  the  gloss.  Finely  divided  coloring 
matters  impart  a  metallic  luster  to  the  cloth,  while  soap  increases  its  soft- 
ness. After  treatment  with  formaldehyde  the  tone  of  the  colors  remain 
as  pure  as  those  fixed  with  egg  albinnen. 

A  solution  of  casein  in  lime-water  is  used  under  the  name  of  caseogum. 
Argentine  is  a  compound  of  casein  with  zinc  and  gives  a  metallic  luster 
to  fibers,  while  glutin  is  a  solution  of  casein  in  sodium  tungstate. 

Casein  as  a  Food.  From  time  immemorial  casein  in  the  modified  form 
of  cheese  has  been  used  as  a  food  by  humanity.  Recently  several  new 
compounds  of  casein  have  been  put  on  the  market  for  this  purpose,  but 
the  cost  of  production  has  prevented  a  wider  use.  Casein  itself  is  some- 
what indigestible,  but  several  of  its  compounds  with  the  alkalis  are  ver\- 
soluble  in  water  and  consequently  are  readily  acted  upon  by  the  digestive 
juices. 

Preparation.  The  alkali  salts  of  casein  are  made  by  the  evaporation 
of  their  solutions  and  are  put  on  the  market  in  the  form  of  dr>''  powders. 
They  are  very  nutritious  and  inodorous,  and  if  kept  dry  will  keep  indefi- 
nitely. Several  of  them  have  different  proportions  of  milk  sugar  and  butter- 
fat  added  in  order  to  increase  their  nutritive  qualities.  With  the  exception 
of  cheese  none  of  them  are  important  as  yet  and  consequently  only  a  few 
are  enumerated  below. 

Ladarine  is  one  of  the  best  known;  it  is  a  white  powder  composed  of 
casein  and  a  small  per  cent  of  mineral  and  non-nitrogenous  matter. 
Nvirose  is  sodium  caseate;  plasmon,  potassium  caseate,  and  eucasein, 
ammonium  caseate.  Sanatogen  is  a  compound  of  casein  with  sodium 
glycerophosphate.    Synthetic  milk  is  made  from  casein,  sodium  bicar- 


CASEIN  839 

bonate  and  a  mixture  of  butter-fat  and  milk  sugar.  Flour  and  casein 
give  a  bread  low  in  carbohydrates  and  find  a  use  in  certain  dietary  foods. 
A  baking  powder  is  on  the  market  consisting  of  casein  and  calcium 
phosphate. 

Casein  in  Medicine.  The  caseates  of  iodine,  bromine,  chlorine,  mercury, 
iron,  silver,  arsenic,  phosphorus  and  a  large  number  of  alkaloids  and 
organic  compounds  are  used  in  medicine  to  an  ever  increasing  extent. 
The  casein  salicylates  are  said  to  be  readily  absorbed  by  the  intestines 
and  not  to  irritate  the  mucous  membranes  as  do  the  other  salicylates. 
When  combined  with  alkaloids  the  casein  residue  seems  to  tone  down  the 
harmful  effects  of  the  drug  without  materially  affecting  the  specific  action 
desired.  It  is  said  that  three  times  as  much  mercury  can  be  administered 
in  the  form  of  the  caseate  to  a  dog  or  rabbit  without  causing  death  as 
can  be  given  in  the  form  of  the  sublimate. 

Preparation  and  Application.  The  salts  of  the  metals  are  made 
by  treating  an  alkaline  solution  of  casein  with  a  solution  of  a  salt  of  the 
metal.  The  halogen  compounds  are  prepared  by  treating  an  alkali  solu- 
tion of  casein  with  the  gaseous  halogen,  or  with  an  alcoholic  solution  of 
the  same;  while  the  compounds  of  casein  with  the  alkaloids  are  made 
by  treating  a  suspension  of  casein  in  alcohol  with  an  alcoholic  extract 
of  the  alkaloid. 

Sodium  caseate  in  a  thick  paste  is  used  as  an  ointment.  Mixed  with 
a  small  amount  of  formaldehyde  and  applied  to  a  cut  or  bruise  it  forms 
an  elastic  coating  "  new  skin  "  over  the  injury  and  absolutely  prevents 
outside  infection  by  bacteria  or  other  agency. 

Sundry  Uses  for  Casein.  In  addition  to  the  foregoing  there  are  other 
uses,  which,  though  important,  are  not  so  extensively  used.  A  few  of 
the  other  industrial  applications  are  as  follows:  in  soap  making,  in  priming 
artists*  canvas,  as  a  paint  remover,  shoe  polish,  photographic  plates, 
roofing  pulp;  massage  cream,  artificial  silk,  and  as  an  agent  for  solidifying 
mineral  oil. 
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Absinthe,  726 

Acacia,  G29 

Acetic  acid,  333,  542 

Acetone,  254,  540,  542 

Aceto-phenone  derivatives,  457 

Acetylene,  467 

Acid  colors,  763 

on  cotton,  763 

on  silk,  763 

on  wool,  763 
Acid  coolers,  174 
Acid  dyestuffs,  763 

properties  of,  763 
Acid  egg,  26,  189 
Acid  mordants,  751 
Acid  rinse,  589 
Acker  process,  258 
Adulteratins,  598 
Agar-agar,  629 
Alcohol,  615,  724 
Aldehydes,  615 
Aldehyde  tannage,  809 
Ales,  687 

Alkali  metals,  314 
Alkaline  earths,  314 
Alkaline  peroxides,  253 
Alkaline  starches,  671 
All  oil  water  gas,  448 
Allspice  oil,  618 
Almond  oil,  551 
Alum,  244 
Aluminium,  35,  280 
Aluminium,  acetate  of,  245 

solution  of,  403 

sulphate,  244 

tannage,  808 
Amber,  624 
Ambergris,  606 
American  ales,  707 
American  brewing,  696 
Amines,  625 
Ammonia,  245,  373 
Ammonia  alum,  245 
Ammonium,  carbonate,  246 

chloride,  246 

liquor,  432 

nitrate,  246 


Ammonium,  soda  process,  242 

sulphate,  246 
Aniline  black,  768 
Animal  fats,  558 
Animal  fibers,  727,  728 
Animal  oils,  552 
Animal  waxes,  560 
Anise  oil,  613 
Anisette,  726 
Annealing,  326 
Anthracene,  482 
Antimony  fluoride,  246  % 
Austentite,  properties  of,  366 
Arrack,  725 
Arrowroot,  672 
Arsenic,  282 
Arsenic  acid,  246 
Arsenic  oxide,  246 
Arsenic  sulphide,  800 
Artificial  fibers,  727 
Artificial  mordants,  colors,  765 
Artificial  organic  dyestuffs,  761 
Artificial  silk,  749 
Asbestos,  38 
Ashcrof  t  cell,  260 
Ashes,  wood,  403 
Asphalt,  520 

testing  of,  528 
Austria  lager  beer,  708 
Azo  colors,  767 

Baekland  diaphragm,  265 
Bafile  plate  separation,  160 
Balloon  gas,  461 
Balsam  Peru,  607 
Bating,  801 
Barium  sulphate,  350 
Barley,  709 
Barley  corn,  710 
Barytes,  350 
Basic  colors,  761 

on  cotton,  762 

on  silk,  762 

on  wool,  761 
,-  V  properties  of,  762 
Bavarian  beer,  708 
Bay  oil,  613 
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Beef  tallow,  558 
Beer,  682 

Bavarian,  708 

Bock,  700 

Bohemian,  708 

carbonating  of,  702 

cereal,  683 

character  of,  684 

clarification  of,  704 

classification  of,  685 

fining  of,  704 

German,  682 

Old  Norse,  682 

preservative  properties,  6i  6 

properties  of,  684 

Teuton,  682 

what  it  is,  682 
Beeswax,  560 
Beet  sugar,  655 

crystallization  of,  660 

evaporation  of,  660 

extraction  of  juice,  656 

purification  of  juice,  658 

raw  materials  for,  655 
Bell  process,  265 
Belt  dressing,  566 
Belt  leather,  804 
Belgian  slag,  399 
Benedictine,  726 
Benzaldehyde  derivatives,  612 
Benzine,  351 
Benzol,  351 

examination  of,  492 

enrichment,  435 
Benzoic  acid  derivatives,  610 
Benzyl  alcohol  derivatives,  609 
Bergamot  oil,  615 
Bessemer  steel,  360,  361 
Birch  oil,  614 
Bismuth,  283 
Bitter  almond  oil,  612 
Black  ash,  240 

lixiviation  of,  240 
Black  oils,  567 
Black  powder,  781 

chemistry  of,  784 

composition  of,  782 

manufacture  of,  783 

raw  materials  for,  782 
Blau  gas,  455 
Blind  roaster,  18 
Bloom,  568 
Blowers,  95 
Blowing  off,  48 
Blubber  oils,  554 
Blue  lead,  sublimed,  348 
Blue  rock,  Tennessee,  398 
Bock  beer,  709 
Bohemian  beer,  708 
Boiler  troubles,  remedies  for,  48 


Boiler  compounds,  48 
Boilers,  horizontal.  111 

steam,  111 
Boiled  tar,  539 
Boiling  oils,  641 
Bone,  400,  821 
Bone  ash,  400 

black,  401 
Borax,  250 
Bone  acid,  250 
Bottles,  324 
Bottling  ales,  707 
Bottling  plant,  691 
Bottom  fermentation^  685 
Brandy,  725 
Brake  horse  power,  114 
Breaking,  635 
Brewing,  682 

equipment,  688 

history  of,  682 

materials,  693 

operations,  688,  696 

power  plant,  692 

special  system,  704 

water  for,  695 
Bricks,  37 

building,  309 

burning,  310 

drying,  310 

molding,  310 
Brine,  evaporation  of,  234 
British  gum,  680 
Bronze,  35 

Brown  rock  phosphate,  397 
Bucket  elevators,  26 
Burgundy  pitch,  625 
Burners,  fines,  155 

operation  of,  159 
Burners,  lump,  152 

operation  of,  154 
Burner,  O'Brien,  156 
Burner,  Wedge,  157 
Butter  fat,  559 
Butter  substitute,  559 


Calcination,  17 
Calcium,  281 

carbonate,  350 

carbide,  275 

cyanimide,  382 

sulphydrate,  800 
Calculations  for  an  electric  current,  IIS 
Calfskins,  805 
Calorimeter,  Junker,  70 

Mahler,  70 
Camphor,  614 
Candles,  579 

dipped,  579 

molded,  579 
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Candles  poured,  579 
Cane  sugar,  642 
Caoutchouc,  629 
Car  oils,  567 
Carbon,  black,  350 

disulphide,  253 

free,  486 

tetrachloride,  254 
Carbonizing  temperatures,  424 
Carborundiun,  276 
Camauba  wax,  560 
Casein,  831 

application  of,  834 

chemistry  of,  831 

in  dyeing,  838 

in  food,  838 

in  paper,  835 

in  medicine,  839 

occurrence  of,  832 

paints,  835 

plastic  masses,  837 

preparation  of,  832 
Cassia  oil,  618 
Castner  cell,  261 
Castner-Kellner  process.  2C1 
Castor  oil,  551 
Castoreum,  606 
Catch  all,  21 
Cedar  oil,  621 
Cement,  39,  284 

casein,  40 

grappier,  291 

natural,  284,  291 

Portland,  284,  292 

Puzzolan,  284,  305 

stone,  40 
Cementite,  properties  of,  365 
Centrifuge,  13 
Centrifugal,  machine,  13,  15 

pump,  26,  27 

separators,  161 
Cereals,  693 
Chalk,  293 
Chamber,  construction  of,  181 

connection  of,  183 

plant,  162 

reactions,  176 
Chamois  leather,  808 
Chance-Claus  process,  242 
Char  filter,  676 
Charcoal,  77,  350 

kihi,  532 

pit,  531 
Charging,  appliances,  91 

machines,  413 
Chartreusse,  726 
Chaser,  3,  5 
Chemiking,  745 
Chestnut  extract,  814 
Chinese  wood  oil,  548 


Chip  cellar,  690 

Chip  cellar,  operations  of,  703 

Chlorine,  257 

materials  for,  257 
Choice  of  oils,  563 
Chrome  alum,  246 
Chrome  green,  349,  760 
Chrome,  one  bath,  807 

tannage,  806 

two  bath,  806 

yellow,  348,  760 
Chromium  acetate,  246 

oxide,  349 
Circulating  system,  188 
Civet,  606 
Clays,  306 

ball,  307 

brick,  308 

classification  of,  306 

fire,  307 

gumbo,  308 

paint,  308 

paper,  308 

paving  brick,  308 

Portland  cement,  308 

pot,  308 

preparation  of,  309 

retort,  308 

sagger,  308 

sewer  pipe,  308 

slip,  308 

stoneware,  307 

terra  cotta,  307 

uses  of,  309 

ware,  308 
Clove  oil,  618 
Coal,  350 

anthracite,  76 

bituminous,  74 

gas,  411 

handling,  409 

tar,  427,  469 
Cobalt  blue,  348 
Cochineal,  759 
Cocoa  butter,  557 
CocoRniit  oil,  557 
Cod  liver  oil,  553 
Coke,  78,  427 

composition  of,  421 
Cold  rinse,  588 
Cold  test,  563 
Cold  water  softening,  64 
Colophony,  625 
Coloring  materials,  316 
Commercial  chemicals,  239 
Commercial  synthesis,  599,  601 
Compressor  oils,  567 
Condensers,  429,  534 
Contact  plant,  construction  of,  207 
Contact  process,  204 
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Conveying  gases,  28 
Conveying  liquids,  26 
Conveying  solids,  25 
Conveyors,  belt,  25 

flight,  25 

screw,  26 
Cooler,  300 
Cooling,  178 
Copal,  626,  636 
Copper,  282 

in  chemical  plants,  35 

sulphate,  247 
Cordials,  726 
Com,  693 
Com  oil,  550 
Corrosion,  47 

Cost  of  engines  and  turbine*,  113 
Cotton,  738 
Cotton,  bleaching  of,  742 

chemical  properties  of,  740 

finishing  of,  746 

marking  of,  744 

physical  properties  of,  739 

scouring,  746 

singeing  of,  744 

washing  of,  745 
Cotton  seed  meal,  390 
Cotton  seed  oil,  550 
Cotton  seed  stearine,  556 
Crank  case  oils,  567 
Creme  de  menthe,  726 
Creosote  oil,  477 
Cresols,  480 
Croton  oil,  550 
Crusher,  jaw,  1 

rotary  fine,  2,  3 
Crude  distillation,  595 
Crude  oils,  476 
Crushing  ore,  151 
Crushing  rolls,  2 
Cryolite  process,  243 
Crystal  meal,  17 
Crystallization,  17 
Crvstallization,  fractional,  17 
Cuba  wood,  760 
Cumarine,  611 
Cummer  system,  304 
Curacoa,  726 
Cutch,  760 
Cyanamide,  250,  279 
Cylinder  oils,  564 


Dammar,  626 
Dampening,  592 
Deacon  process,  268 
Defecation  process,  647 
Dephegmator,  23 
Depilation,  798 
Detergents,  584 


Developing  agents,  752 
Dextrine,  680 
Diaphragm  process,  263 
Direct  colors,  263 

properties  of,  764 

on  silk,  764 

on  unions,  764 

on  wool,  764 
Disintegrator,  2,  3,  4, 
Distillation,  23,  725 
Distilled  liquors,  724 
Divi-divi,  815 
Dolphin  oil,  555 
Dope,  566 
Draft,  180,  184 
Dragons  blood,  626 
Drenching,  802 
Driers,  351 
Drips,  180 
Dry  hopping,  707 
Drying,  15 
Duplex  process,  362 
Dust  prevention,  160 
Dyeing,  750 

assistants,  753 
Dycstuffs,  750 

classification  of,  754,  761 
Dynamite,  792 


Ebelman  method,  92 
Edge  runner,  4 
Egg  oU,  556 
Electric  iron,  362 
Electrical  calculations,  118 
Electrochemical  industries,  274 
Electrolytic  chlorate,  272 
Electrolytic  processes,  275 
Electrolytic  refining,  282 
Elemi,  626 
Elevating  Uquids,  26 
Enameled  iron,  34 
Enfieurage  process,  597 
English  beer,  706 
Enriching  oiLa,  440 
Entrainments,  22 
Essential  oils,  594 

history  of,  594 
Eucalyptus  oil,  598 
Evaporation,  direct  heat,  19 

indirect  heat,  19 

reduced  pressure,  20 

spontaneous,  19 
Evaporators,  19 
Exhausters,  430 
Explosives,  781 
Export  beer,  709 
Expressed  oils,  596 
Extraction,  17,  538 
Extractor,  590 


index: 


845 


Fat  liquoring,  810 
Fats,  545 

constitution  of,  546 
Fatty  acids,  547 

preparation  of,  580 
Feed-water  heating,  65 
Fermentation,  333 

bottom,  690 

cellar,  690 

cellar  operations,  700 
Ferric  nitrate,  248 
Ferric  sulphate,  248 
Ferrite,  properties  of,  365 
Ferrous  acetate,  248 
Ferrous  sulphate,  248 
Fertilizers,  372 

calcidation  of  formidas,  404 

expression  of  formulas,  375 

history  of,  372 

market  quotations,  375 

materials,  372 

terms  used  in  analysis,  373 
Filter,  bag,  13 

ribbed,  13 

suction,  13 
Filter  press,  13,  14 
Filtration,  12 

mechanical,  62 

sand,  61 
Fire  brick,  37,  311 
Fire  test,  524 
First  suds,  588 
Fish  oils,  552 
Fish  scrap,  dry,  384 

wet,  389 

stock,  822 
Fixatives,  603 
Fixing  agents,  chemical,  752 

mechanical,  752 
Flash  point,  524,  562 
Fleshing,  801 
Floor  malting,  711 
Flower  concretes,  598 
Flower  odors,  607 
Flower  pomades,  597 
Fluorides,  reaction  of,  402 
Free  acid  test,  823 
Fresh  bone,  823 
Friction  test,  563 
Fruit  ethers,  612 
Fuels,  67 

classification,  67 

definition  of,  67 

elementary  constituents,  67 

gaseous,  82 

liquid,  81 

solid,  71 

used,  439 
Fulminates,  794 
Furnaces^  blast,  356 


Furnaces,  electric,  125 

muffle,  18 

pot,  315 

regenerative,  159 

reverberatory,  17 

revolving,  18 

starting  the,  159 

tank,  319 
Fustic,  760 

Gambia,  760 
Garbage,  393 

reduction,  393 
Gas  coal,  417 
Gas,  428 

balloon,  461 

Blau,  455 

coal,  87 

gasoline,  456 

movement  of,  191 

natural,  88 

oil,  88 

producer,  82 

water,  84 
Gasification,  107 

water  in,  108 
Gas  producers,  construction  of,  89 

plane,  139,  115 
Gay-Lussac,  186 

dimensions  of,  187 

packing  of,  187 
Gelatine,  818,  830 
Gelatine,  dynamite,  792 
Generator,  alternating  current,  120^ 

compound,  123 

direct  current,  122 

electric,  120 

self-excited,  122 

shunt,  123 
Geological  definition,  374 
Geranium  oil,  619 
Germinating,  712 
Germination,  711 
Gibbs  process,  272 
Gin,  726 
Glass,  313 

blowing,  322 

colored,  326 

cordy,  321 

crown,  324 

finishing  processes,  327 

high  color,  321 

low  color,  321 

manufacture  of,  322 

optical,  325 

pressing,  322 

seedy,  320 

stony,  321 

uses,  38 

wavy,  321 
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Glauber's  salt,  236 
Glazes,  312 
Glover's  tower,  169 

construction  of,  169 

capacity  of,  174 

reactions  in,  166 
Glucose,  673,  674 

manufacture  of,  675 
Glue,  818 

boiling  process,  823 

chemical  constitution,  819 

clarification,  825 

diffusion  of,  819 

drying  of,  825 

framing,  828 

grease  in,  828 

hide  stock  for,  820 

jelly  strength,  828 

keeping  properties,  828 

in  leather  goods,  830 

melting  points,  828 

open  tank,  824 

pressure  tank,  824 

testing  of,  827 

treatment  of  liquors,  825 

uses  of,  829 

viscosity  of,  827 
Glycerine,  577 
Goat  skins,  806 
Gold,  283  ■ 
Grapes,  715 

crushing  of,  715 

fermentation  of,  718 

pressing  of,  715 

stemming  of,  715 

sugar,  679 
Graphite,  350 

artificial,  277 

properties  of,  366 
Grass  oils,  616 
Grate  bars,  153 
Gray  wash,  745 
Greases,  565 
Grinding,  1 
Guaicum,  627 
Guano,  380 

bat,  389 
Gum,  British,  680 

benzoin,  606 

labdanum,  607 

resins,  629 
Gutta  percha,  632 
Gypsum,  312,  350 

Haddock  liver  oil,  554 

Hair  stock,  390 

Half  gas  firing,  91 

Hall  process,  281 

Hard  wood  distillation.  523 

Hargreavps-Bird  process,  263 


Harness  leather,  $04 
Heat  balance,  419 
Heat  losses,  420 
Heat  of  combustion,  69 
Heavy  metals,  314 
Heavy  oil,  477 
Height  of  fuel  bed,  107 
Hemlock  bark,  814 
Hemp  seed  oil,  549 
Hides,  soaking  of,  797 
Hollow  ware,  324 
Hoof  meal,  389 
Hops,  694 
Horn  meal,  389 
Horizontal  converter,  676 
Horse  fat,  558 
Horse-power,  154 
Horse's  foot  oil,  555 
Hot  water  process,  538 
Humus,  379 
Hydraulic  main,  428 
Hydrochloric  acid,  236 

purification  of,  238 

uses  of,  238 
Hydrogen  peroxide,  253 
Hypochlorites,  269 

Iceland  moss,  629 
Ice  machine,  567 
Illuminating  gas,  406 

classification  of,  406 

constituents  of,  407 
Incrustation,  47 
Indian  red,  348 
Indian  rubber,  629 
Indigo,  755 

application  of,  756 

dyeing  with,  756 

extracts,  757 
Infusorial  earth,  350 
Iodine  value,  562 
lonone,  617 
Irish  moss,  629 
Iron,  280,  354 
Iron  buff,  760 
Iron,  cast,  34 

cement,  40 

constitution  of,  364 

corrosion  of,  369 

metallurgy  of,  354 

ores  of,  402 

solution  of,  403 

wrought,  34,  354 
Ironing,  592 
Isinglass  for  beer,  695 

Japan,  baking,  640  ^ 

driers,  641 

wax,  557 
Juniper  oil,  666 
Jute,  748 
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Kaolin,  307 
Kauri,  627 
Kestner  elevator,  189 
Khaki,  761 
Kilning,  713 
Kilns,  18 

intermittent,  287 

rotary,  208 

vertical,  288 
Kirschwasser,  726 
Kraeusen,  701 
Kummel,  726 


Lac,  627 
Lacquer,  635 
Lager  beer,  687 

Austria,  708 
I^mp  black,  350 
Lamp  tests,  525 
Lanolin,  560 
Lard,  558 
Lard  oil,  556 
Laughing  gas,  246 
Laundering,  581 
Laundry  industry,  581 
Laundry,  marking,  583 

power  plant  for,  583 
Laundry  soap,  584 
Lavender  oil,  619 
Lead,  34,  283,  329 

corroding,  329,  332 

nitrate,  249 

red,  348 

sulphate,  345 
Leblanc  process,  239 
Leather,  795 

belt,  804 

bleaching  of,  804 

chamois,  808 

coloring  of,  811 

color  of,  816 

finishing,  805,  809 

framing,  805 

glazing,  813 

rolling,  812 

scouring,  804,  810 

seasoning,  812 

shaving,  809 

soaking,  809 

splitting,  810 

stuffing,  804,  810 
Lemon  oil,  615 
Leveling  agents,  752 
Levigation,  12 

liight  oil,  examination  of,  492 
Lignite,  73 
Li  (lie  evaporator,  22 
Lime,  284,  286,  746 

gray,  539 


Lime,  hydrated,  289 

hydraulic,  284,  291 

kiln  ashes,  403 
Limestone,  293 
Liming,  799 
Linalool  oil,  636 
Linoxyn,  637 
Linseed  oil,  548 
Liquid  fats,  547 
Lithophone,  347 
Liver  oils,  553 
Lixiviation,  16 
Loam,  375 
Logwood,  757 

ageing  of,  758 

application  of,  758 

chemistry  of,  757 

extracts,  758 

liquor,  758 
Loom  oil,  564 
Lowe  apparatus,  437 
Low-freezing  d3mamite,  792 
Lubricating  oil,  513,  561 

tests,  525 
Lute  for  ess.  stills,  40 


MacDonald  cell,  263 
Macerating  process,  597 
Madder,  759 

Magnesium  sulphate,  248 
Magnetism,  119 
Malleable  cast  iron,  363 
Malt,  693 
Malt  glucose,  680 
Malting,  682,  709 
Malting  operation,  711 
Malt  tonics,  697 
Mangier,  593 
Mangrove  bark,  815 
Marine  animal  oils,  552 
Marine  glue,  40 
Marl,  293 
Mashing,  principles  of,  697 

system,  696 
Mastic,  628 
Matches,  double  dip  friction,  254 

safety,  257 

single  dip,  256 
Melting  pots,  317 
Melting  process,  318 
Menhaden  oil,  553 
Meters,  463 

Methane-hydrogen  gas,  460 
Mercury  vermilion,  348 
Mild  ale,  705 
Mild  beer,  705 
Milling  machine  oil,  567 
Mills,  ball,  4,  8 

burr  stone,  4,  6,  8 
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Mills,  cane,  645 

Fuller-Lehigh,  296 

pebble,  5,  9 

pug,  310 

pulverizing,  2 

roller,  9,  11 

tube,  5,  10 
Mineral  black,  350 
Mineral  dye-stuflfs,  760 
Mineral  fibers,  727 
Mingling,  664 
Minor  animal  fibers,  735 
Minor  vegetable  fibers,  748 
Mixed  paint,  352 
Modern  distillation  of  oils,  596 
Molasses,  665 

Molasses  from  cane  and  beet  residues,  663 
Molybdenum  steel,  369 
Mond's  process,  241 
Mordant  acid  colors,  766 

application  of,  767 

properties  of,  767 
Mordant  colors  on  cotton,  766 
Mordant  colors  on  silk,  766 
Mordant  colors  on  wool,  766 
Mordant  colors,  properties  of,  766 
Mordants,  metallic,  751 

non-metallic,  751 
Mordanting,  assistants,  752 

cotton,  753 

principles,  751 

process.  752 

silk,  753 

wool,  753 
Mordants,  751 

acid,  751 
Mortar,  284 

materials,  284 
Motors,  wire  required  for,  133 

alternating  current,  135 

direct  current,  135 

electric,  124 

type  of  electric,  134 
Multiple  effect  system,  21 
Musk,  605 
Must,  716 
Mutton  tallow,  559 
Myrabolams,  815 

Naphthalene,  480 

derivatives,  610 

examination  of,  492 
Natural  gas,  519 
Neats  foot  oil,  555 
Neroli  oil,  620 
Neutral  oils,  568 
New  perfume  materials,  599 
Nickel,  35,  283 
Night  soil,  404 
Niter,  control,  179 


Niter,  potting,  153 
recovery,  185 

Nitric  acid,  214,  278 
charging,  223 
common  process,  221 
condensation,  224 
distillation,  223 
industrial  position,  214 
Gutmann  condensers,  227 
manufacture  of,  216 
occurrence,  214 
Prentice  process,  217 
properties  of,  215 
Shoglund  condensers,  229 
storage  and  packing,  231 
Ubel's  process,  218 
Valentiner's  process,  219 

Nitrocellulose,  785 
nitration  of,  785 
purification  of,  786 

Nitrogen,  373 
fixation  of,  253,  279 
materials  for,  380 

Nitroglycerine,  789 
manufacture  of,  789 

Nitro  starch,  788 

Oats,  709 
Ochre,  350 

burnt,  348 
Odor  groups,  602 
Oil,  allspice,  618 

almond,  551 

anise,  613 

bay,  613 

bergamot.  615 

birch,  614 

bitter  almond,  612 

boiling,  641 

car,  567 

cassia,  618 

castor,  551 

cedar,  621 

clove,  618 

China  wood,  351,  548 

content,  596 

corn,  351 

creosote,  477 

croton,  550 

dag,  568 

gas  engine,  565 

gas  tar,  470 

linseed,  350 

olive,  551 

olive  kernel,  552 

orange,  615,  617 

patchouly,  621 

palm,  557 

peach  kernel,  551 

peanut,  551 
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Oil,  pelargonium,  619 

peppermint,  619 
I    perUla,  548 

poppy,  549 

porpoise,  555 

pulp,  566 

pumpkin  seed,  549  - 

rape,  550 

rose,  620 

salmon,  553 

sardine,  553 

screw  cutting,  568 

seal,  554 

sesame,  550 

shale,  519 

sheep's  foot,  555 

shark  liver,  554 

soya  bean,  351 

soy  bean,  549 

tannage,  808 

weight  of,  635 
Oilless  bearings,  568 
Oils,  545 

animal,  552 

chemical  constituents,  598,  608 

chemical  products,  601 

chemical  treatment,  600 

choice  of,  563 

classification  of,  545 

color  of,  526 

compressor,  567 

cylinder,  564 

engine,  564 

evaporation  test,  562 

fish,  351 

illuminating,  523 

tests  for,  561 

viscosity  of,  526 
Oleo-margarine,  559 
Oleo-oil,  559 
Oleo-resins,  629 
Orange  mineral,  348 
Organic  dyestuffs,  761 
Oxygen,  252 

Boussingault-Brin   Bros.'   process,  252 

from  liquid  air,  252 

Thessie   du    Motay-Marechal   process, 
252 
Ozone,  253,  278 

Packer  bone,  821 
Paints,  343 

application  of,  343 

history  of,  343 

vehicles,  350 
Palmetto  extract,  815 
Palm  nut  oil,  557 
Pahn  oU,  557 
Paper  box  glue,  829 
Paper  making,  769 


Paper,  mechanical  process,  774 
soda  process,  775 
sulphite  process,  776 
Paraffin  wax,  518 
Patchouly  oil,  621 
Paulie's  process,  241 
Peach  kernel  oil,  551 
Peat,  72 
Peat  filler,  405 
Peanut  oil,  551 
Pearlite,  properties  of,  365 
Pelargonium  oil,  619 
Peppermint  oil,  619 
Perilla  oil,  548 
Permanent  vermilion,  348 
Persian  berries,  760 
Petroleum,  81,  501,  518 
asphaltic,  519 
classification  of,  796 
constitution  of,  502 
crude,  521 
distillation,  509 
locality  of,  503 
origin  of,  501 
production  of,  504 
refining  of,  506 
testing  of,  521 
Phenyl  acetic  acid  derivatives,  608 
Phenyl  ethyl  alcohol  derivatives,  608 
Phosphate,  Florida,  396 
rock  industry,  395 
South  Carolina,  398 
South  sea,  398 
Tennessee  brown  rock,  397 
Western,  398 
Phosphates,  crude  stock,  374 
Phosphoric  acid,  251,  373 
Phosphorus,  251 

red,  251 
Phthalic  anhydride  colors,  762 
Pickling,  802 
Pigments,  274,  343 
Pintch  gas,  452 
Pitch,  examination  of,  490 
Pitting,  47 
Plaster,  284 
Plaster  of  Paris,  301 
Platinum,  35 
Platinum  stiUs,  198 
Polyphase  system,  130 
Poppy  oil,  549 
Porcelain,  311 
Porpoise  oil,  555 
Porter,  705 
Portland  cement,  292 
Potash,  374 
alum,  244 
caustic,  244 
crude  stock,  374 
Potassium,  281 
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Potasatum  carbonate,  244 

chlorate,  271 

cyanide,  260 

dichromate,  246 

ferricyanide,  250 

hydroxide,  244 
Power,  in  alternating  current,  132 

plants,  small,  116 

sources  of.  111 

transmission  of.  111 
Preservation  of  materials,  40 
Press  water,  391 
Priming,  48,  707 
Prince's  metallic,  350 
Prince's  mineral,  350 
Producers,  89 

Buire-Leucanchez,  94 

Duff,  99 

Fraser-Talbot,  102 

gas,  89 

combustion,  102 

Hughes,  100 

Kerpely,  101 

Mond,  98 

Morgan,  99 

Rehman,  102 

Siemens,  90 

Taylor,  100 

water  seal,  98 
Proof  spirits,  725 
Prussian  blue,  349,  760 
Potato  starch,  672 
Pottery,  311 
Puering,  802 
Pulp  lead,  332 
Pumpkin  seed  oil,  549 
Purifiers,  432 
Pyrites,  146 

burning  of,  149 
Pyrometer,  Ferry,  69 

Le  Chatelier,  68 

Warner,  68 

Quebracho  extract,  814 
Quercitron  bark,  760 
Quicksilver  vermilion,  348 

Rag  paper,  770 
Rape  oil,  550 

Reaction  of  carbonate,  402 
Reaction  of  magnesium,  403 
Rectifying,  725 
Rectified  spirits,  725 
Reduced  oiU*,  567 
Red  woods,  759 
Refrigerating  plant,  692 
Refrigeration,  29 
Regenerative  system,  105 
Removal  of  ash,  94 
Resin  process,  537 


Resins,  635 

melting  of,  636 

retort  gas  tar,  409 
Retort  gas  tar,  400 
Retorts,  532 
Rice  starch,  672 
Ring  pits,  309 
Rosin,  625,  639 
Rosin  oil,  620 
Rubber,  applicadoD  of,  631 

compounding  of,  630 

hard,  38 

India,  38 

loading,  631 

preparation  of,  630 

purification  of,  630 

reclaimed,  631 

substitutes,  631 
Rum,  726 

Salicylic  acid  derivatives,  612 
Salmon  oil,  553 
Salt,  232 

properties  of,  232 

uses,  234 
Salt  cake,  conversion  of,  240 
Salt  deposits,  theory  of,  233 

working  of,  233 
Salt  solutions,  electrolysis  of,  260 
Sandalwood  oil,  621 
Sandarae,  629 
Sand  stone,  36 
Saponification  value,  563 
Sardine  oil,  553 
Scale  formation,  46 
Schaffner-Hiebigs  process,  241 
Scheibler's  strontium  process,  661 
Scouring  powder,  577 
Scouring  soaps,  577 
Scrap  leather,  390 
Screw  cutting  oils,  568 
Scrubbers,  430 
Seal  oil,  554 

Secondary  fermentatioD,  707 
Sedimentation,  11 
Seed  lac,  627 
Separators,  modem,  161 
Sesame  oil,  550 
Sewer-pipe  manufacture,  310 
Shaking,  153 
Shale  oil,  519 
Shark  liver  oil,  554 
Shaving  cream  577 
Sheep's  foot  oil,  555 
Sheep  skins,  805 
SheUac,  627 
Shellac,  insoluble,  634 
Sienna;  350,  820 

American,  348 
Sifting,  9,  12 
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SiUca,  313,  350 
Silk,  593,  735 

bleaching  of,  738 

boiling  off,  736 

chemical  properties,  73d 

physical  properties,  737 

wUd,  738 
Siphon,  27 
Silver,  283 

nitrate,  249 
Sizing,  829 
Slag,  Thomas,  399 
Smokeless  powder,  788 
Sludge  acid,  516 
Soap,  boiled  laundry,  670 

boiled  toilet,  573 
Soap,  castile,  576 

classification  of,  590 

cold  process,  576 

cutting,  572 

chipping,  572 

finishing,  573 

floating,  576 

framing,  572,  574 

graining,  570 

half-boUed,  575 

history  of,  569 

kettle,  570 

liquid,  575 

metallic,  577 

milling,  574 

mottled,  576 

plodding,  574 

powders,  577 

settling,  572 

shaving,  577 

slabbing,  572 

soft,  575 

strengthening,  571 

test,  562 

theory  of,  569 

transparent,  576 
Soda,  acetate  of,  539 

caustic,  243,  274 
Sodium,  281 

alum,  245 

arsenate,  246 

bicarbonate,  243 

carbonate,  239 

dichromate,  247 

hydroxide,  243 

stannate,  249 

sulphate,  234 

sulphide,  800 
Soft  wood  distillation,  535 
Soils,  carbonic  acid  in,  379 

moisture,  378 

properties  of,  377 
Soja  bean  oil,  549 
Sole  leather.  804 


Solid  fats,  556 

Solid  vegetable  waxes,  560 

Soluble  oils,  567 

Soluble  starch,  681 

Solvay  process,  242 

Sparging,  698 

Specific  gravity,  562 

Spermaceti,  560 

Sperm  oil,  559 

Spice  oil,  618 

Spindle  oil,  564 

Spiral  feed,  9,  11 

Spontaneous  fermentation,  686 

Staining,  750 

Stainless  oils,  568 

Staking,  811 

Standard  wire  table,  140 

Stannic  chloride,  249 

Stannous  chloride,  249 

Starch,  667 

classification  of,  668 

drying  methods,  670 

methods  of  manufacture,  668 

sources  of,  668 

thin  boiling,  671 
Starching,  591 
Static  electricity,  119 
Steam  boilers.  111 
Steam  distillation,  518,  596 
Steam  engines,  112 
Steam  injectors,  27,  28 
Steam  jacketed  kettle,  19,  20 
Steam  power  plant,  138 
Steam  turbine,  112 
Steel,  280 

Bessemer,  359 

carbon  in,  367 

chromium,  369 

crucible,  358 

effect  of  common  constitutents,  367 

electric,  362 

heat  treatment,  369 

high  speed,  369 

manganese,  368 

nickel,  368 

silicon,  369 

titanium,  367 

vanadium,  367 
Steeping,  711 
Steffen's  lime  process,  662 
Stick  lac,  627 
Still,  coffey,  24 

column,  23,  24 
Stock  ale,  687,  705 
Stock  cellar,  690,  702 
Stone,  36,  38 
Stoneware,  311 
Stoneware  fans,  191,  192 
Storage  tanks,  176 
Structural  material,  hollow,  31 1 
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Styrax,  607 

Sublimed  blue  lead,  348 

Sugar,  642 

crystallization  of,  650,  665 

curing,  653 

evaporation  of,  649 

extraction  of  juice,  644 

from  molasses,  660 

introductory,  642 

manufacturing  processes,  644 

osmose  process,  661 

purging,  653 

purification  of  juice,  647 

raw  materials  for,  642 

refining,  664 
Sulphur,  145 

burning,  147 
Sulphur  colors,  765 

application  of,  765 

properties  of,  765 
Sulphur,  determination,  464 

monochloride,  254 
Sulphuric  acid,  142 
Suint,  730 
Sulphuric  acid,  concentration  of ,  196 

corrosive  properties,  145 

cost  of  manufacture,  144 

industrial  position,  142 

properties  of,  144 

purification  of,  193 

raw  materials,  145 

storage  and  packing,  203 

uses  oi,  142 
Sunflower  oil,  549 
Super  phosphate,  401 
Surface  contact,  177 
Synthetic  musk,  605 


Tallow,  beef,  558 

oil,  556 
Tankage,  slaughter  house,  392 
Tank  liquors,  evaporation,  241 
Tank  water,  391 

treatment  of,  241 
Tannage,  chrome,  80G 

oil,  808 
Tanning,  chemistry  of,  815 

operations,  803 
Tar,  application  of,  470 

blast  furnace.  470 

crude,  540 

coal,  469 

distillation  of,  472 

examination  of,  484 

oils,  540 

oven  gas,  469 

Pintch  gas,  470 

producer  gas,  470 

separator,  429 


Tar,  valuation  of,  883 

water  gas,  470 
Tapioca,  672 

Temperatm-e,  measurement  of,  67 
Tennessee  blue  rock,  398 
Terra  alba,  350 
Terrestrial  animal  oils,  555 
Textiles,  727 

coloring,  750 

definition  of,  727 

origin  of,  727 

printing,  750 
Tile,  311 

Tobacco  seed  oil,  549 
Tobacco  stems  and  dust,  403 
Toilet  powders,  577 
Top  fermentation,  686 
Topping,  698 
Tower  packing,  171 
Townsend  cell,  264 
Tragacanth,  629 
Transformer  oils,  568 
Transformers,  128 
Transmission,  electric,  118 

losses  in  electrical,  126 

loss  in  pressure,  136 

of  power,  117 
Travelers,  4 
Tumeric,  760 
Tung  oil,  548 
Tungsten  steel,  369 
Turbine  oils,  568 
Turpentine,  351,  541,  622,  640 

substitutes,  351 
Twitchell  process,  578 


Ultramarine,  348 
Umber,  350 
Unhairing,  800 
Usequebaugh,  726 
Utilization  of  residues.  465 


Vacuum  pan,  20 

Valonia,  815 

Vandyke  brown,  350 

Vanilline,  618 

Van  Ruymbeke  process,  57S 

Varnish',  633 

classes  of,  633 

dammar,  634 

ilark,  640 

definition  of,  633 

films,  637 

making,  638 

mastic,  634 

nomenclature,  636 

oleo-resins,  635 

outfit  for.  638 
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Varnish,  pale,  640 

pyroxylin;  634 

porosity  of,  637 

rubbing,  639 

sandarac,  634 

shellac,  633 

spirit,  633 

thinning,  639 
Vatting,  707 
Vaseline,  518 
Vat  colors,  768 
Vegetable  fats,  556 
Vegetable  drying  oils. 
Vegetable  fibers,  727,  728 
Vegetable  mold,  375 
Vegetable  non-drying  oils,  551 
\'egetable  oils,  547 
\'egetable  semi-drying  oils,  549 
Vef^able  tallow,  557 
Vegetable  tannage,  803 
Vegetable  tanning  materials,  814 
Veneers,  829 
Venetian  red,  348 
Venturi  meters,  416 
Vertical  converter,  676 
Vertical  retort,  415 
Vetiver  oil,  617 
Violet  odors,  617 
V'olatile  solvents,  597 
Vulcanization,  630 


Wash  house,  690 

Washing  machine,  583 

Washing,  theory  of,  585 

Waste  gases,  147 

Water,  bacteriological  qualities,  58 

analysis,  45 

calcium  in,  55 

carbonates  in,  55 

chemical  quality  of,  58 

chlorides  in,  56 

classification  for  boiler  use,  51 

color,  54 

estimation  of,  485 

examination  of,  43 

free  acids,  54 

glass,  252 

hydrogen  sulphide,  56 

industrial  uses,  53 

iron,  54 

numerical  standards,  50 

organic  matter,  56 

physical  properties,  57 

potable,  57 

power  plant,  137 

purification  of,  59 

removal  of  bacteria,  59 
Water  softening,  benefits  of,  52 

cost  of,  52 


Water,  sulphates  in,  56 

supply,  587 

suspended  matter,  54 
Watch  oil,  564 
Waters,  chemical  composition  of  43 

composition  of  natural,  42 
Wat«r,  for  boiler  use,  46 

tannery  purposes,  797 

turbine,  116 

uses  of,  46 
Water  gas,  436 

operating  conditions,  447 

operation,  436 

temperature  effect,  441 
Waxes,  545 

animal,  560 
W^ax,  carnauba,  560 

wool,  560 
Weldon  mud,  267 
Weldon  process,  266 
Well  oils,  567 
Weiss  beer,  708 
Wicks,  579 
Wiener  beer,  708 
Wine,  714 

dessert,  772 

development,  714 

origin  of,  714 

red,  721 

sparkling,  722 

sweet,  722 

white,  720 

yeasts,  718 
Wintcrgreen  oil,  614 
Whale  oil,  554 
Wheat  starch,  672 
Whiskey,  726 
W^hite  lead,  344 

Carter  process,  338 

chemical  change,  330 

definition  of,  334 

Dutch  process,  329 

grinding,  331 

pulp  mixed,  333 

sublimed;  340 

value  as  a  pigment,  336 
White  rock,  Tennessee,  398 
White  ware,  311 
Whiting  cell.  262 
Wood,  32,  71 
Wood  alcohol,  540 

distillation  of,  530 
Wood,  dry  rot  of,  32 

industrial  application,  33 

joints,  829 

paper,  773 

preservation,  33 
Wool,  593,  728 

carbonizing,  731 

chemical  treatment,  732 


854 


Wool,  crabbing,  731 

fulling,  735 

grease,  730 

mechanical  treatment,  731 

scouring  of,  730 
Wort,  boiling  of,  699 

cooling  of,  699 

straining  of,  699 
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pure  culture,  719 
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Zinc  lead  white,  345 
Zinc  oxide,  345 
I    Zinc  sulphate,  349 
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Cleemann,  T.  M.    The  Railroad  Engineer's  Practice i2mo, 

Clerk,  D.,  and  Idell,  F.  B.    Theory  of  the  Gas  Engine.    (Science  Series 

No.  62.) x6mo, 

Clevenger,  S.  R«    Treatise  on  the  Method  of  Government  Surveying. 

i6mo,  morocco 

Clouth,  F.    Rubber,  Gutta-Percha,  and  Balata 8vo, 

Cochran,  J.    Treatise  on  Cement  Specifications 8vo, 

Cofiin,  J.  H.  C.    Navigation  and  Nautical  Astronomy i2mo, 

Colburn,  Z.,  and  Thurston,  R.  H.    Steam  Boiler  Explosions.    (Science 
Series  No.  2.) x6mo, 

Cole,  R.  8.    Treatise  on  Photographic  Optics zamo, 

Coles-Finch,  W.    Water,  Its  Origin  and  Use 8vo, 

Collins,  J.  E.    Useful  Alloys  and  Memoranda  for  Goldsmiths,  Jewelers. 

i6mo 

Constantine,   E.    Marine  Engineers,  Their   Qualifications  and  Duties. 

8vo, 

Coombs,  H.  A.    Gear  Teeth.    (Science  Series  No.  120.) z6mo. 

Cooper,  W.  R.    Primary  Batteries 8vo, 

"  The  Electrician  "  Primers. . .  • 8vo, 

Part  I 

Part  n , 

Part  m 

Copperthwaite,  W.  C.    Tunnel  Shields 4to, 

Corey,  H.  T.    Water  Supply  Engineering 8vo  (In  Press.) 

Corfield,  W.  H.    Dwelling  Houses.    (Science  Series  No.  50.) i6mo, 

Water  and  Water-Supply.    (Science  Scries  No.  17.) z6mo, 

Cornwall,  H.  B.    Manual  of  Blow-pipe  Analysis 8vo, 

Courtney,  C.  F.    Masonry  Dams 8vo, 

Cowell,  W.  B.    Pure  Air,  Ozone,  and  Water i2mo, 

Craig,  T.    Motion  of  a  Solid  in  a  FueL    (Science  Series  No.  49.) ....  x6mo, 

Wave  and  Vortex  Motion.    (Science  Series  No.  43.) x6mo, 

Cramp,  W.    Continuous  Current  Machine  Design ....  .8vo, 
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Crocker,  F.  B.    Electric  Lighting.    Two  Volumes.    8vo. 

Vol.  I.    The  Generating  Plant 3  oo 

Vol.  n.     Distributing  Systems  and  Lamps 3  00 

Crocker,  F.  B.,  and  Arendt,  M.    Blectric  Motors Svo,    *2  50 

Crocker,  F.  B.,  and  Wheeler,  S.  S.    The  Management  of  Electrical  Ma- 
chinery  zamo, 

Cross,  C.  F.,  Bevan,  B.  J.,  and  Sindall,  R.  W.    Wood  Pulp  and  Its  Applica- 
tions.   (Westminster  Series.) Svo, 

Crosskey,  L.  R.    Elementary  Perspective 870, 

Crosskey,  L.  R.,  and  Thaw,  J.    Advanced  Perspective . .  ^ 8vo, 

CttUey,  J.  L.     Theory  of  Arches.     (Science  Series  No.  87.) i6mo, 

Dadourian,  H.  M.    Analytical  Mechanics i2mo,  (In  Press.) 

Davenport,  C.    The  Book.     (Westminster  Series.) 8vo, 

Da  vies,  D.  C.    Metalliferous  Minerals  and  Mining 8vo, 

Earthy  Minerals  and  Mining 8vo, 

Davies,  B.  H.    Machinery  for  Metalliferous  Mines 8vo, 

Davies,  F.  H.    Electric  Power  and  Traction. 8vo, 

Foundations  and  Machinery  Fixing.     (Installation  Manual  Series.) 

i6mo,  {In  Press.) 

Dawson,  P.    Electric  Traction  on  Railways 8vo, 

Day,  C.    The  Indicator  and  Its  Diagrams zamo, 

Deerr,  B.    Sugar  and  the  Sugar  Cane 8vo, 

Deite,  C.    Manual  of  Soapmaking.    Trans,  by  S.  T.  King 4to, 

De  la  Couz,  H.     The  Industrial  Uses  of  Water.    Trans,  by  A.  Morris. 

8vo, 

Del  Mar,  W.  A.    Electric  Power  Conductors 8vo, 

Denny,  6.  A.    Deep-level  Mines  of  the  Rand 4to,  *zo  00 

Diamond  Drilling  for  Gold *5  00 

De  Roos,  J.  D.  C.    Linkages.    (Science  Series  Bo.  47.) z6mo,      o  50 

Derr,  W.  L.    Block  Signal  Operation Oblong  lamo,    ^i  50 

Maintenance-of-Way  Engineering (In  PreparaUon.) 

Desaint,  A.    Three  Hundred  Shades  and  How  to  Mix  Them 8vo,  *io  00 

De  Varona,  A.    Sewer  Gases.     (Science  Series  No.  55.) z6mo,      o  50 

Devey,  R.  G.    Mill  and  Factory  Wiring.     (Installation  Manuals  Series.) 

zamoy    ^i  00 

Dibdin,  W.  J.    Public  Lighting  by  Gas  and  Electricity 8vo,    "^8  00 

Purification  of  Sewage  and  Water 8vo,      6  50 

Dichmann,  Carl.    Basic  Open-Hearth  Steel  Process zamo,  ^3  50 

Dieterich,  K.  *  Analysis  of  Resins,  Balsams,  and  Gum  Resins 8vo,  "^3  00 

Dinger,  Lieut.  H.  C.    Care  and  Operation  of  Naval  Machinery zamo,  *a  00 

Dixon,  D.  B.    Machinist'sand  Steam  Engineer's  Practical  Calculator. 

z6mo,  morocco,  z  25 
Doble,  W.  A.    Power  Plant  Construction  on  the  Pacific  Coast  (In  Press.) 
Dodd,  6.    Dictionary   of   Manufactures,   Mining,   Machinery,   and   the 

Industrial  Arts zamo,  z  50 

Dorr,  B.  F.    The  Surveyor's  Guide  and  Pocket  Table-book. 

i6mO|  morocco,  a  00 

Down,  P.  B.    Handy  Copper  Wire  Table z6mo,  *z  00 

Draper,  C.  H.    Elementary  Text-book  of  Light,  Heat  and  Sound. . .  zamo,  x  00 
Heat  and  the  Principles  of  Thermo-dynamics zamo,  z  50 
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DockwaUy  B.  W.    Canning  and  Preserving  of  Food  Products 8vo,  *5  oo 

Dumesny,  P.,  and  Ifoyer,  J.    Wood  Products,  Distillates,  and  Extracts. 

8vo,  *4  50 
Duncan,  W.  6.,  and  Penman,  D.    The  Blectrical  Equipment  of  Collieries. 

8vo,  *4  00 
Dunstan,  A.  B.,  and  Thole,  F.  B.  T.    Textbook  of  Practical  Chemistry. 

Z2III0,  *z  40 

Duthie,  A.  L.    Decorative  Glass  Processes.    (Westminster  Series.).  .Svo,  *2  00 

Dwight,  H.  B.    Transmission  Line  Formulas Svo,  (In  Preu.) 

Dyson,  S.  S.    Practical  Testing  of  Raw  llaterials Svo,  *5  00 

Dyson,  S.  8.,  and  Clarkson,  S.  S.    Chemical  Works Svo,  *7  50 

Bcdes,  R.  6.,  and  Duckwall,  E.  W.    Food  Preservatives Svo,  paper  o  50 

Bddy,  H.  T.    Researches  in  Graphical  Statics Svo,  z  50 

MaTimitm  Strcsses  Under  Concentrated  Loads Svo,  z  50 

Bdgcumbe,  K.    Industrial  Electrical  Measuring  Instruments Svo,  *2  50 

Eissler,  M.    The  Metallurgy  of  Gold Svo,  7  50 

The  Hydrometallurgy  of  Copper Svo,  *4  50 

The  Metallurgy  of  Silver. Svo,  4  00 

The  Metallurgy  of  Argentiferous  Lead Svo,  5  00 

Cyanide  Process  for  the  Extraction  of  Gold Svo,  3  00 

A  Handbook  on  Modem  Explosives Svo,  5  00 

Ekin,  T.  C.    Water  Pipe  and  Sewage  Discharge  Diagrams folio,  *3  00 

Eliot,  C.  W.,  and  Storer,  F.  H.    Compendious  Manual  of  Qualitative 

Chemical  Analysis zamo,  *z  25 

Elliot,  Major  G.  H.    European  Light-house  Systems Svo,  5  00 

Ennis,  Wm.  D.    Linseed  Oil  and  Other  Seed  Oils Svo,  *4  00 

Applied  Thermodynamics Svo  *4  50 

~  Flying  Machines  To-day zamo,  *z  50 

Vapors  for  Heat  Engines zamo,  *z  00 

Erfurt,  J.    Dyeing  of  Paper  Pulp.    Trans,  by  J.  Hubner Svo,  *7  50 

Ermen,  W.  F.  A.    Materials  Used  in  Sizing Svo,  *2  00 

Erskine-Murray,  J.    A  Handbook  of  Wireless  Telegraphy Svo,  *3  50 

Evans,  C.  A.    Macadamized  Roads (/n  Press.) 

Ewing,  A  J.    Magnetic  Induction  in  Iron Svo,  *4  00 

Fairie,  J.    Notes  on  Lead  Ores. zamo,  *z  00 

Notes  on  Pottery  Clays zamo,  *z  50 

Fairley,  W.,  and  Andre,  Geo.  J.     Ventilation  of  Coal  Mines.     (Science 

Series  No.  58.) z6mo,  o  50 

Fairweather,  W.  C.    Foreign  and  Colonial  Patent  Laws Svo,  *3  00 

Fanning,  J.  T.    Hydraulic  and  Water-supply  Engineering Svo,  *5  00 

Fauth,  P.     The  Moon  in  Modem  Astronomy.    Trans,  by  J.  McCabe. 

Svo,  *2  00 

Fay,  I.  W.    The  Coal-tar  Colors Svo,  ^4  00 

Fernbach,  R.  L.    Glue  and  Gelatine Svo,  *3  00 

Chemical  Aspects  of  Silk  Manufacture zamo,  *z  00 

Fischer,  E.    The  Preparation  of  Organic  Compounds.    Trans,  by  R.  V. 

Stanford zamo,  ♦z  as 

FisH,  J.  C.  L.    Lettering  of  Working  Drawings Oblong  Svo,  x  00 

Fisher,  H.  K.  C,  and  Darby,  W.  C.    Submarine  Cable  Testing. ^^^)  *3  ^ 
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Fiske,  Lieut.  B.  A.    Electricity  in  Theory  and  Practice. Svo,  a  50 

FleiBchmann,  W.    The  Book  of  the  D^ury.     Trans,  by  C.  IL  Aikman. 

8tO|  4  00 
Fleming,  J.  A.    The  Alternate-current  Transformer.    Two  Volumes.    8vo. 

VoL  L    The  Induction  of  Electric  Currents *5  00 

VoL  n.    The  Utilization  of  Induced  Currents ^5  00 

^-~  Propagation  of  Electric  Currents 8vo,  *3  00 

Centenary  of  the  Electrical  Current 8vo,  *o  50 

Electric  Lamps  and  Electric  Lighting 8vo,  *3  00 

— —  Electrical  Laboratory  Notes  and  Forms 4to,  *5  00 

A  Handbook  for  the  Electrical  Laboratory  and  Testing  Room.    Two 

Volumes 8vo,  each,  *5  00 

Fleury,  P.    Preparation  and  Uses  of  White  Zinc  Paints Svo,  *2  50 

Fluery,  H.    The  Calculus  Without  Limits  or  Infinitesimals.    Trans,  by 

C.  O.  HaiUoux (In  Preu.) 

Flynn,  P.  J.    Flow  of  Water.     (Science  Series  llo.  84.) i6mo,  o  so 

Hydraulic  Tables.     (Science  Series  No.  66.) i6mo,  0  5a 

Foleyi  N.    British  and  American  Customary  and  Metric  Measures,  .folio,  ^3  00 
Foster,  H.  A.    Electrical  Engineers'  Pocket-book.    (Sixth  EdiHon.) 

i2mo,  leather,  5  00 

Engineering  Valuation  of  Public  Utilities  and  Factories 8to,  *3  00 

Foster,  Gen.  J.  6.    Submarine  Blasting  in  Boston  (Mass.)  Harbor.. .  .4to,  3  50 

Fowle,  P.  F.    Overhead  Transmission  Line  Crossings lamo,  *i  50 

The  Solution  of  Alternating  Current  Problems 8yo  (In  Press.) 

Fox,  W.  0.    Transition  Curves.     (Science  Series  No.  1x0.) z6mo,  o  50 

Fox,  W.,  and  Thomas,  C.  W.    Practical  Coune  in  Mechanical  Draw- 
ing  i2mo,  X  25 

Foye,  J.  C.    Chemical  Problems.    (Science  Series  No.  69.) z6mo,  o  50 

Handbook  of  Mineralogy.    (Science  Series  No.  86.) i6mo,  o  se 

Francis,  J.  B.    Lowell  Hydraulic  Experiments 4to,  15  oe 

Fteudemacher,    P.   W.    Electrical   Mining   Installations.    (Installation 

Manuals  Series) lamo,  ^t  00 

Frith,  J.    Alternating  Current  Design Svo,  *3  00 

Fritsch,  J.    Manufacture  of  Chemical  Manures.    Trans,  by  D.  Grant 

8vo,  *4  00 

Frye,  A.  L    Civil  Engineers'  Pocket-book lamo,  leather,  *$  00 

FuUer,  6.  W.     Investigations  into  the  Puriflcation  of  the  Ohio  River. 

4to.  *io  00 

Fumell,  J.    Painti,  Colors,  Oils,  and  Varnishes 8yo,  ^i  do 

Gairdner,  J.  W.  L    Earthwork. Svo,  (In  Press.) 

Gant,  L.  W.    Elements  of  Electric  Traction 8yo,  *2  s» 

Garcia,  A.  J.  R.  V.    Spanish-English  RaOway  Terms 8vo,  *4  50 

Oarforth,  W.  E.    Rules  for  Recovering  Coal  Mines  after  Explosions  and 

Fires ximo,  leather,  i  50 

Oaudard,  J.    Foundations.    (Science  Series  No.  34.) i6mo,  o  50 

Oe«ir,  H.  B.,  and  Williams,  P.  P.    Electric  Central  Station  Distribution 

Systems 8vo,  ^3  00 

Oeerligs,  H.  C.  P.    Cane  Sugar  and  Its  Manufacture 8vo,  *s  00 

Worid's  Cane  Sugar  Industry Svo,  ♦$  00 

Oeikie,  J.    Structural  and  Field  Geology 8vo,  %  oe 
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Gerber^ll.  AnalyBJs  of  Milk,Conden«ed  Milk,  and  hifamts'  Milk«Food«   8vo,      i  as 
Gerhard,  W.  P.    Sanitation,  Watersupply  and  Sewage  Disposal  of  Country 

Houses 12010, 

Gas  Lighting.     (Science  Series  No.  ziz.) z6nio. 

Household  Wastes.     (Science  Series  No*  97.) z6mo. 

House  Drainage.     (Science  Series  No.  63.) z6mo. 

Sanitary  Drainage  of  Buildings.     (Science  Series  No.  93.) ....  i6mo, 

Gerhard!,  C.  W.  H.    Electricity  Meters 8vo, 

Geschwind,  L.    Manufacture  of  Alum  and  Sulphates.    Trans,  by  C. 

Salter 8vo, 

Gibbs,  W.  £.    Lighting  by  Acetylene i2mo, 

Physics  of  Solids  and  Fluids.    (Carnegie  Technical  School's  Text- 
books.)      ♦z  50 

Gibson,  A.  H.    Hydraulics  and  Its  Application Svo,    *s  00 

Water  Hammer  in  Hydraulic  Pipe  Lines z2mo,    *2  00 

Gilhreth,  F.  B.    Motion  Study z2mo, 

Primer  of  Scientific  Management Z2mo, 

Gillmore,  Gen.  Q.  A.    Limes,  Hydraulic  Cements  acd  Mortars 8vo, 

Roads,  Streets,  and  Pavements lamo, 

Golding,  H.  A.    The  Theta-Plii  Diagram. i2mo, 

Goldschmidt,  R.    Alternating  Current  Commutator  Motor 8vo, 

GoodchUd,  W.    Precious  Stones.    (Westminster  Series.) 8vo, 

Goodeve,  T.  M.    Textbook  on  the  Steam-engine z2mo. 

Gore,  G.    Electrolytic  Separation  of  Metals 8vo, 

Gould,  £.  S.    Arithmetic  of  the  Steam-engine z2mo, 

Calculus.    (Science  Series  No.  zz2.) z6mo, 

High  Masonry  Dams.    (Science  Series  No.  22.) z6mo, 

Practical  Hydrostatics  and  Hydrostatic  Formulas.    (Science  Series 

No.  ZZ7.) z6mo, 

Grant,  J.    Brewing  and  Distilling.    (Westminster  Series.)  8vo  {In  Press.) 

Gratacap,  L.  P.    A  Popular  Guide  to  Bfinerals 8vo, 

Gray,  J.    Electrical  Influence  Machines z2mo, 

Marine  Boiler  Design z2mo, 

Greenhill,  G.    Dynamics  of  Mechanical  Flight 8yo, 

Greenwood,  E.    Classified  Guide  to  Technical  and  Commercial  Books.  8to, 

Gregorius,  R.    Mineral  Waxes.    Trans,  by  C.  Salter. Z2mo, 

Griffiths,  A.  B.    A  Treatise  on  Manures. i2mo, 

Dental  Metallurgy 8vo, 

Gross,  E.    Hops 8vo, 

Grossman,  J.    Ammonia  and  Its  Compounds Z2mo, 

Groth,  L.  A.    Welding  and  Cutting  Metals  by  Gases  or  Electricity 8vo, 

Grover,  F.    Modem  Gas  and  Oil  Engines 8vo, 

Gruner,  A.    Power-loom  Weaving 8vo, 

GUldner,  Hugo.    Internal  Combustion  Engines.    Trans,  by  H.  Diederichs. 

4to, 

Gunther,  C.  0.    Integration Z2mo, 

Gurden,  R.  L.    Traverse  Tables folio,  half  morocco, 

Guy,  A.  E.    Experiments  on  the  Flexure  of  Beams. 8vo, 

Hseder,   H.     Handbook  on   the   Steam-engine.     Trans*  ^7  ^*  ^  ^* 

Powles i2mo,      300 
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Hainbach,  R.    Pottery  Decontioii.    Tolob,  by  C.  Slater x2mo, 

Haenig,  A.    Emery  and  Emery  Industry ..8vo, 

Hale,  W.  J.    Calculations  of  General  Chemistry zimo, 

Hall,  C.  H.    Chemistry  of  Paints  and  Paint  Vehicles X2mo, 

Hall,  R.  H.    Governors  and  Governing  Mechanism i2mo. 

Hall,  W.  S.    Elements  of  the  Differential  and  Integral  Calculus 8vo, 

Descriptive  Geometry 8vo  volume  and  a  4to  atlas, 

Haller,  G.  F.,  and  Cunningham,  E.  T.    The  Tesla  Coil z2mo, 

Halsey,  P.  A.    Slide  Valve  Gears. , z2mo, 

The  Use  of  the  Slide  Rule.    (Science  Series  No.  z  Z4.) x6mo, 

—  Worm  and  Spiral  Gearing.    (Science  Series  llo.  zi6.) i6mo, 

Hamilton,  W.  G.    Useful  Information  for  Railway  Men i6mo, 

Hammer,  W.  J.    Radium  and  Other  Radio-active  Substances 8vo, 

Hancoclc,  H.    Teztboolc  of  Mechanics  and  Hydrostatics 8vo, 

Hardy,  E.    Elementary  Principles  of  Graphic  Statics z2mo, 

Harrison,  W.  B.    The  Mechanics'  Tool-book i2mo. 

Hart,  J.  W.    External  Plumbing  Work 8vo, 

Hints  to  Plumbers  on  Joint  Wiping 8vo, 

—  Principles  of  Hot  Water  Supply 8vo, 

Sanitary  Plumbing  and  Drainage 8vo, 

Haskins,  C.  H.    The  Galvanometer  and  Its  Uses i6mo, 

Hatt,  J.  A.  H.    The  Colorist square  i2mo, 

Hausbrand,  E.    Drying  by  Means  of  Air  and  Steam.    Trans,  by  A  C. 

Wright Z2mo, 

Evaporating,  Condensing  and  Cooling  Apparatus.    Trans,  by  A.  C. 

Wright 8vo,    *$  00 

Hausner,  A.    Manufacture  of  Preserved  Foods  and  Sweetmeats.    Trans. 

by  A.  Morris  and  H.  Robson 8vo, 

Hawke,  W.  H.    Premier  Cipher  Telegraphic  Code 4to, 

zoo,ooo  Words  Supplement  to  the  Premier  Code 4to, 

Hawkesworth,  J.    Graphical  Handbook  for  Reinforced  Concrete  Design. 

4to, 

Hay,  A.    Alternating  Currents 8vo, 

Electrical  Distributing  Networks  and  Distributing  Lines 8vo, 

Continuous  Current  Engineering 8vo, 

Heap,  Major  D.  P.    Electrical  Appliances , 8vo, 

Heather,  H.  J.  S.    Electrical  Engineering 8vo, 

Heaviside,  O.    Electromagnetic  Theory.     Vols.  I  and  H 8vo,  each, 

Vol.  m 8vo, 

Heck,  R.  C.  H.    The  Steam  Engine  and  Turbine 8vo, 

Steam-Engine  and  Other  Steam  Motors.    Two  Volumes. 

Vol.  I.    Thermod]mamic8  and  the  Mechanics 8vo, 

VoL  n.    Form,  Construction,  and  Working 8vo, 

>— ^  Notes  on  Elementary  Kinematics 8vo,  boards, 

Graphics  of  Machine  Forces 8vo,  boards, 

Hedges,  E.    Modern  Lightning  Conductors 8vo, 

Heermann,  P.    Dyers'  Materials.    Trans,  by  A.  C.  Wright i2mo, 

Hellot,MacquerandD'Apligny.  Art  of  Dyeing  Wool,  Silk  and  Cotton.  8vo, 
Henrici,  O.    Skeleton  Structures. 8vo, 

Hering,  D.  W.    Essentials  of  Physics  for  College  Students 8vo, 

Hering-Shaw,  A.    Domestic  Sanitation  and  Plumbing.    Two  Vols..  .8vo,    *s  00 
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Hering-ShaWy  A.    Elementary  Science 8vo, 

Hemnaim,  0.    The  Graphical  Statics  of  Mechanism.    Trans,  by  A.  P. 

Smith iimo, 

Herzfeld,  J.    Testing  of  Tarns  and  Textile  Fabrics 8vo, 

Hildebrandti  A.    Airships,  Past  and  Present 8vo, 

Hildenbrandi  B.  W.    Cable-Making.    (Science  Series  No.  32.) i6mo, 

Hilditch,  T.  P.    A  Concise  History  of  Chemistry zamo, 

Hill,  J.  W.    The  Purification  of  Public  Water  Supplies.     Hew  Bdition. 

(/Vi  Press,) 

Interpretation  of  Water  Analysis (/n  Press.) 

Hiroi,  I.    Plate  Girder  Construction.    (Science  Series  No.  95.) i6mo, 

Statically-Indeterminate  Stresses i2mo 

Hirshfeld,  C.  F.    Engineering  Thermodynamics.     (Science  Series  ITo.  45.) 

i6mo 
Hobart,  H.  M.    Heavy  Electrical  Engineering 8vo 

Design  of  Static  Transformers lamo 

Electricity , . .  8vo 

Electric  Trains 8vo 

Hobart,  H.  M.    Electric  Propulsion  of  Ships. 8vo 

Hobart,  J.  F.    Hard  Soldering,  Soft  Soldering  and  Brazing lamo, 

Hobbs,  W.  R.  Pi    The  Arithmetic  of  Ebctrical  Measurements i2mo 

Hoff,  J.  N.    Paint  and  Varnish  Facts  and  Formulas i2mo 

Hoff,  Com.  W.  6.    The  Avoidance  of  Collisions  at  Sea. . .  z6mo,  morocco 

Hole,  W.    The  Distribution  of  Gas 8vo 

HoUey,  A.  L.    Railway  Practice folio 

Holmes,  A  B.    The  Electric  Light  Popularly  Explained  ....  iamo«  paper 

Hopkins,  If.  M.    Experimental  Electrochemistry . .  .8vo 

Model  Engines  and  Small  Boats zimo 

Hopkinson,  J.    Shoolbred,  J.  N.,  and  Day,  R.  E.    Dynamic  Electricity, 

(Science  Series  No.  7z.) z6mo, 

Homer,  J.    Engineers*  Turning 8vo 

Metal  Turning z2mo 

Toothed  Gearing Z2mo 

Houghton,  C.  E.    The  Elements  of  Mechanics  of  Materials z2mo, 

HouUevigue,  L.    The  Evolution  of  the  Sciences 8vo, 

Houstoun,  R.  A.    Studies  in  Light  Production Z2mo, 

Howe,  G.    Mathematics  for  the  Practical  Man Z2m0] 

Howorth,  J.    Repairing  and  Riveting  Glass,  China  and  Earthenware. 

8vo,  paper, 

Hubbard,  E.    The  Utilization  of  Wood-waste 8vo, 

Hiibner,  J.    Bleaching  and  Dyeing  of  Vegetable  and  Fibrous  Materials 

(Outlines  of  Industrial  Chemistry) 8vo, 

Hudson,  O.  F.    Iron  and  Steel.    (Outlines  of  Industrial  Chemistry.) 

8vo,  (In  Press.) 
Humper,  W.    Calculation  of  Strains  in  Girders Z2mo, 

Humphreys,  A.  C.    The  Business  Features  of  Engineering  Practice. Svo, 

Hunter,  A.    Bridge  Work. gvo,  (In  Press. 

Hurst,  G.  H.    Handbook  of  the  Theory  of  Color 8vo. 

Dictionary  of  Chemicals  and  Raw  Products 8vo, 

Lubricating  Oils,  Fats  and  Greases 8vo, 

Soaps '  "  *       %vo, 
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Hurst,  G.  H.     Textlk  Soape  and  Oils 8vo,  *2  50 

Hurst,  H.  £.,  and  Lattey,  R.  T.    Text-book  of  Physics 8to,  *3  00 

—  Also  published  in  three  parts. 

Part    L  Dynamics  and  Heat *i  35 

Part  n.  Sound  and  Light *i  25 

Part  HI.  Magnetism  and  Electricity *i  50 

Hutchinson,  R.  W.,  Jr.    Long  Distance  Electric  Power  Transmission. 

zamo,  *3  00 
Hutchinson,  R.  W.,  Jr.,  and  Dilseng,  M.  C.    Electricity  in  Mining. .  zamo, 

(In  Pre9s) 

Hutchinson,  W.  B.    Patents  and  How  to  Hake  Money  Out  of  Them,  zamo,  z  as 

Hutton,  W.  S.    Steam-boiler  Construction Svo,  6  00 

Practical  Engineer's  Handbook Svo,  7  00 

The  Works'  Manager's  Handbook Svo,  6  00 

Hyde,  E.  W.    Skew  Arches.    (Science  Series  No.  Z5.) z6mo,  o  50 

Induction  Coils.    (Science  Series  No.  53.) z6mo,  o  50 

Ingle,  H.    Manual  of  Agricultural  Chemistry 8yo,  *3  00 

Innes,  C.  H.    Problems  in  Machine  Design zamo,  *a  00 

Air  Compressors  and  Blowing  Engines. zamo,  *a  00 

Centrifugal  Pumps zamo,  *a  00 

The  Fan zamo,  ♦a  00 

Isherwood,  B.  F.    Engineering  Precedents  for  Steam  Machinery 8yo,  2  50 

Ivatts,  E.  B.    Railway  Management  at  Stations. Svo,  *a  50 

Jacob,  A.,  and  Gould,  E.  S.    On  the  Designing  and  Construction  of 

Storage  Reseryoirs.    (Science  Series  No.  6.) z6mo, 

Jamieson,  A.    Text  Book  on  Steam  and  Steam  Engines Svo, 

Elementary  Manual  on  Steam  and  the  Steam  Engine zamo, 

Jannettaz,  E.    Guide  to  the  Determination  of  Rocks.    Trans,  by  G.  W. 

Plympton zamo, 

Jehl,  F.    Manufacture  of  Carbons 8vo, 

Jennings,  A.  S.    Commercial  Paints  and  Painting.    (Westminster  Series.) 

Svo  (In  Press,) 

Jennison,  F.  H.    The  Manufacture  of  Lake  Pigments Svo, 

Jepson,  G.    Cams  and  the  Principles  of  their  Construction Svo, 

Mechanical  Drawing Svo  {In  Prepcaration.) 

Jockin,  W.    Arithmetic  of  the  Gold  and  Silversmith zamo, 

Johnson,  G.  L.    Photographic  Optics  and  Color  Photography Svo, 

Johnson,  J.  H.      Arc  Lamps  and  Accessory  Apparatus.     (Installation 

Manuals  Series.) zamo, 

Johnson,  T.  M.     Ship    Wiring  and  Fitting.      (Installation  Manuals 

Series) zamo, 

Johnson,  W.  H.    The  Cultivation  and  Preparation  of  Para  Rubber. .  .Svo, 

Johnson,  W.  McA.    The  Metallurgy  of  Nickel {In  Preparation.) 

Johnston,  J.  F.  W.,  and  Cameron,  C.    Elenunts  of  Agricultural  Chemistry 

and  Geology zamo, 

Joly,  J.    Raidoactivity  and  Geology zamo, 

Jones,  H.  C.    Electrical  Nature  of  Matter  and  Radioactivity zamo, 

Jones,  M.  W.    Testing  Raw  Materials  Used  in  Paint zamo, 

Jones,  L.,  and  Scard,  F.  I.    Manufacture  of  Cane  Sugar Svo, 
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Jordan,  L.  €•    Practical  Railway  Spiral xamis  Leather,    *z  50 

Jeynson,  F.  H.    Designing  and  Construction  of  Kachine  Oearing. . . .  8vo,      2  00 
JUptner,  H.  F.  V.    Siderology:  The  Science  of  Iron 8yo,    *5  00 


Kansas  City  Bridge 4to, 

Kapp,  O.    Alternate  Current  Kachinery.    (Science  Series  No.  96.) .  z6mo» 

Electric  Transmission  of  Energy zamo, 

Keim,  A.  W.    Prevention  of  Dampness  in  Buildings 8vo, 

Keller,  S.  S.    Mathematics  for  Engineering  Students,    zamo,  half  leather. 

Algebra  and  Trigonometzy,  with  a  Chapter  on  Vectors 

Special  Algebra  Edition 

Plane  and  Solid  Geometry 

Analytical  Geometry  and  Calculus 

Kelsey,  W.  R.    Continuous-current  Dynamos  and  Moton Svo, 

Kemble,  W.  T.»  and  Underhill,  C.  R.    The  Periodic  Law  and  the  Hydrogen 

Spectrum 8vo,  paper 

Kemp,  J.  F.    Handbook  of  Rocks 8vo, 

Kendall,  E.    Twelye  Figure  Cipher  Code 4to, 

Kennedy,  A.  B.  W.,  and  Thurston,  R.  H.    Kinematics  of  Kachinery, 

(Science  Series  No.  54.) z6mo, 

Kennedy,  A.  B.  W.,  Unwin,  W.  C,  and  Idell,  F.  E.    Compressed  Air 

(Science  Series  No.  106.) z6mo 

Kennedy,  R.    Modem  Engines  and  Power  Generators.    Six  Volumes.  4to 

Single  Volumes each, 

Electrical  Installations,    Five  Volumes 4to 

Single  Volumes each, 

Flying  Machines;  Practice  and  Design iimo 

Principles  of  Aeroplane  Construction gyo 

Kennelly,  A.  E.    Electro-dynamic  Machinery gyo 

Kent,  W.  •  Strength  of  Materials.    (Science  Series  No.  4Z.) z6mo3 

Kershaw,  J.  B.  C.    Fuel,  Water  and  Gas  Analytis 8vo 

Electrometallurgy.    (Westminster  Series.) 8yo 

The  Electric  Furnace  in  Iron  and  Steel  Production zamo 

Kinzbrunner,  C.    Alternate  Current  Windings 8yo, 

Continuous  Current  Armatures 8yo 

Testing  of  Alternating  Current  Machines 8yo 

Kirkaldy,  W.  G.    Dayid  Kirkaldy's  System  of  Mechanical  Testing. . .  .4to, 

Kirkbride,  J.    Engraying  for  Illustration .8yo 

Kirkwood,  J.  P.    FUtration  of  Riyer  Waters 4to 

Klein,  J.  F.    Design  of  a  High-speed  Steam-engine 8yo 

Physical  Significance  of  Entropy.... Syo. 

Kleinhans,  F.  B.    Boiler  Construction 8yo 

Knifl^t,  R.-Adm.  A.  M.    Modem  Seamanship 8yo, 

Half  morocco 

Knox,  J.    Physico-chemical  Calculations z2nio, 

Knox,  W.  F.    Logarithm  Tables (/n  Preparation. 

Knott,  C.  G.,  and  Mackay,  J.  S.    Practical  Mathematica 8yo, 

Koester,  F.    Steam-Electric  Power  Plants 4to, 

Hydroelectric  Deyelopments  and  Engineering 4to, 

Koller,  T.    The  Utilization  of  Waste  Products 8yo, 

Cosmetics Syo 
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KInchke,  A.    Oas  and  Oil  Bnciiiet lamo,  *i  95 

Kretchmar,  K.    Tarn  and  Warp  SIziiig 8vOy  *4  00 

Lambert,  T.    Lead  and  its  Compounds Sto,  *3  50 

Bone  Products  and  Manures 8to,  *3  00 

Lambom,  L.  L.    Cottonseed  Products 8vo,  *3  00 

Modem  Soape,  Candles,  and  Glycerin Svo,  *y  50 

Lamprecht,  R.    Recoyery  Work  After  Pit  Fires.    Trans,  by  C.  Salter .  .8vo,  *4  00 
Lanchester,  F.  W.    Aerial  Flight.    Two  Volumes.    8yo. 

Vol.  I.    Aerodynamics *6  00 

Aerial  Flight    VoL  n.    Aerodonetics *6  00 

Lamer,  E.  T.    Principles  of  Alternating  Currents Z2mo,  *i  25 

Larrabee,  C.  S.    Cipher  and  Secret  Letter  and  Telegraphic  Code z6mo,  o  60 

La  Rue,  B.  F.    Swing  Bridges.    (Science  Series  Bo.  107.) x6mo,  o  50 

Lassar-Cohn,  Dr.    Modem  Scientific  Chemistry.    Trans,  by  M.  M.  Patti- 

son  Muir lamo,  *2  00 

Latimer,  L.  H.,  Field,  C.  J.,  and  HoweU,  J.  W.    Incandescent  Electric 

Lighting.    (Science  Series  No.  57.) i6mo,  o  50 

Latta,  M.  N.    Handbook  of  American  Gas-Engineering  Practice Svo,  *4  50 

American  Producer  Gas  Practice 4to,  *6  00 

Leask,  A.  R.    Breakdowns  at  Sea zamo,  a  00 

Refrigerating  Machinery zamo,  2  00 

Lecky,  S.  T.  S.    **  Wrinkles  "  in  Practical  Bayigation Svo,  *8  00 

Le  Douz,  M.    Ice-Making  Machines.     (Science  Series  No.  46.) z6mo,  o  50 

Leeds,  C.  C.    Mechanical  Drawing  foi  Trade  Schools oblong  4to, 

High  School  Edition *z  as 

Machinery  Trades  Edition *a  00 

Lef^yre,  L.    Architectural  Pottery.     Trans,  by  EL  K.  Bird  and  W.  M. 

Binns 4to,  *7  50 

Lehner,  S«    Ink  Manufacture.    Trans,  by  A.  Morris  and  H.  Robson .  .8yo,  *a  50 

Lemstrom,  S.    Electricity  in  Agriculture  and  Horticulture 8yo,  *z  50 

Le  Van,  W.  B.    Steam-Engine  Indicator.    (Science  Series  No.  78.) .  z6mo,  o  50 

Lewes,  V.  B.    Liquid  and  Gaseous  Fuels.     (Westminster  Series.) 8yo,  *a  00 

Lewis,  L.  P.    Railway  Signal  Engineerizig .8yo,  *$  50 

Lieber,  B.  F.    Lieber's  Standard  Telegraphic  Code ,..  .8yo,  *zo  00 

Code.    German  Edition 8yo,  *zo  00 

Spanish  Edition 8yo,  ♦zo  00 

French  Edition 8yo,  *zo  00 

Terminal  Index 8yo,  ♦a  50 

Lieber's  Appendix folio,  *Z5  00 

Handy  Tables 4to,  *a  50 

Bankers  and  Stockbrokers'  Code  and  Merchants  and  Shippers'  Blank 

Tables 8yo,  •zs  00 

zoo,ooo,ooo  Combination  Code Svo,  *zo  00 

Engineering  Code 8yo,  *za  so 

Liyermore,  V.  P.,  and  Williams,  J.    How  to  Become  a  Competent  Motor- 
man zamo,  *z  00 

Liyingstone,  R.    Design  and  Construction  of  Commntatofs 8yo,  *a  as 

Lobben,  P.    Machinists'  and  Draftsmen's  Handbook 8yo,  a  50 

Locke,  A.  G.  and  C.  G.    Manufacture  of  Sulphuric  Acid Svo,  zo  00 

Lockwood,  T.  D.    Electricity,  Magnetism,  and  Electro-telegraph  . . .  .8yo,  a  50 
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Lockwood,  T.  D.    Electrical  Measoremeiit  and  the  Galnmometer .  xamo,     o  75 

Lodge,  O.  J.    Elementary  Mechanics zamo,      z  50 

Signalling  Across  Space  without  Wires 8yo,    *2  00 

Loewenstein,  L.  C,  and  Crissey,  C.  P.    Centrifugal  Pumps *4  So 

Lord,  R.  T.    Decorative  and  Fancy  Fabrics 8yo,    *3  50 

Loring,  A.  E.    A  Handbook  of  the  Electromagnetic  Telegraph* z6mo,      o  50 

Handbook.    (Science  Series  No.  39.) z6mo,      o  50 

Low,  D.  A.    Applied  Mechanics  (Elementary) z6mo,     o  80 

Ltthschez,  B.  J.    Perspective zamo,    *i  50 

Lucke,  C.  E.    Gas  Engine  Design 8vo,    *3  00 

Power  Plants:  Design,  Efficiency,  and  Power  Costs.     2  vols. 

{In  PreparctUan,) 

Lunge,  O.    Coal-tar  and  Ammonia.    Two  Volumes 8vo,  *Z5  00 

Manufacture  of  Sulphuric  Acid  and  Alkali.    Four  Volumes 8vo, 

VoL    I.    Sulphuric  Acid.    In  two  parts *zs  00 

Vol.  n.    Salt  Cake,  Hydrochloric  Acid  and  Leblanc  Soda.  In  two  parts  *z5  00 

VoL  HI.    Ammonia  Soda *zo  00 

VoL  IV.  Electrolytic  Methods {In  Press.) 

Technical  Chemists'  Handbook zamo,  leather,    *3  50 

Technical  Methods  of  Chemical  Analysis.    Trans,  by  C.  A.  Keane. 

in  collaboration  with  the  corps  of  specialists. 

VoL  I.    In  two  parts 8vo,  *z5  00 

VoL  n.    In  two  parts 8vo,  ^z8  00 

VoL  m {In  Preparation,) 

Lupton,  A.,  Parr,  G.  D.  A.,  and  Perkin,  H.    Electricity  as  Applied  to 

Mining 8vo, 

Luquer;  L.  M.    Minerals  in  Rock  Sections 8vo, 

Macewen,  H.  A.    Food  Inspection 8vo, 

Mackenzie,  N.  F.    Notes  on  Irrigation  Works 8vo, 

Mackie,  J.    How  to  Make  a  Woolen  Mill  Pay 8vo,    *a  00 

Mackrow,  C.    Ifaval  Architect's  and  Shipbuilder's  Pocket-book. 

z6mo,  leather, 

Maguire,  Wm.  R.    Domestic  Sanitary  Drainage  and  Plumbing 8vo, 

Mallet,  A.    Compound  Engines.    Trans,  by  R.  R.  BueL    (Science  Series 

No.  zo.) z6mo, 

Mansfield,  A.  N.    Electro-magnets.     (Science  Series  No.  64.) z6mo, 

Marlm,  E.  C.  R.    Construction  of  Cranes  and  Lifting  Machinery zamo, 

Construction  and  Working  of  Pumps zamo, 

Manufacture  of  Iron  and  Steel  Tubes zamo, 

Mechanical  Engineering  Materials zamo, 

Marks,  G.  C.    Hydraulic  Power  Engineering 8vo, 

Inventions,  Patents  and  Designs zamo, 

Marlow,  T.  G.    Drying  Machinery  and  Practice 8vo, 

Marsh,  C.  F.    Concise  Treatise  on  Reinforced  Concrete 8vo, 

Reinforced  Concrete  Compression  Member  Diagram.    Mounted  on 

Cloth  Boards ♦i  50 

Marsh,  C.  F.,  and  Dunn,  W.     Manual  of  Reinforced  Concrete  and  Con- 
crete Block  Construction i6mo,  morocco,    *2  50 
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MarRhall,  W.  J.,  and  Sankey,  H.  R.    Gas  Bnginas.    (Westminster  Series.) 

8yO|     ^2  00 

Martin.  Gy    Ttiomplis  and  Wonders  of  Modem  Chemistry 8vo»    ^a  00 

Martin,  N.    Properties  and  Design  of  Reinforced  Concrete z2mo,     *a  50 

Ifaasie,  W.  W.,  and  Underliill,  C.  R.    Wireless  Telegraphy  and  Telephony. 

lamo,    *i  00 
Matheson,  D.    Australian  Saw-Miller's  Log  and  Timber  Ready  Reckoner. 

zamo,  leather,      i  50 

Mathot,  R.  B.    Internal  Combustion  Engines Svo,    *6  00 

Maurice,  W.    Electric  Blasting  Apparatus  and  Explosives 8vo,    *3  50 

Shot  Firer's  Guide 8vo, 

Maxwell,  J.  C.    Matter  and  Motion.     (Science  Series  No.  36.) z6mo, 

Maxwell,  W.  H.,  and  Brown,  J.  T.    Encyclopedia  of  Municipal  and  Sani- 
tary Engineering 4to, 

Mayer,  A.  M.    Lecture  Notes  on  Physics 8to, 

McCuUough,  R.  S.    Mechanical  Theory  of  Heat 8to, 

Mcintosh,  J.  G.    Technology  of  Sugar 8yo, 

Industrial  Alcohol 8vo, 

Manufacture  of  Varnishes  and  Kindred  Industries.    Three  Volumes.  - 

8yo. 

VoL    1.    Oil  Crushing,  Refining  and  Boiling *3  50 

VoL  n.    Varnish  Materials  and  Oil  Varnish  Making *4  00 

VoL  m.    Spirit  Varnishes  and  Materials *4  5o 

McKnight,  J.  D.,  and  Brown,  A.  W.    Marine  Multitubular  Boilers *z  50 

McMaster,  J.  B.    Bridge  and  Tunnel  Centres,    (Science  Series  Na  ao.) 

i6mo,     o  50 

McMechen,  F.  L.     Tests  for  Ores,  Minerals  and  Metals lamo,  *i  00 

McNeill,  B.    McNeill's  Code 8vo,    *6  00 

McPherson,  J.  A.    Water-works  Distribution 8yo,      a  50 

Melick,  C.  W.    Dairy  Laboratory  Guide lamo,    *x  as 

MerclE,  E.    Chemical  Reagents;  Their  Purity  and  Tests 8yo,    *i  50 

Merritt,  Wm.  H.    Field  Testing  for  Gold  and  Silver i6mo,  leather,      z  50 

Messer,  W.  A.    Railway  Permanent  Way 8vo,  (In  Pren.) 

Meyer,  J.  G.  A.,  and  Pecker,  C.  G.    Mechanical  Drawing  and  Machine 

Design 4to,      5  00 

Michell,  S.    Mine  Drainage 8vo,     zo  00 

Mierzinsld,  S.    Waterproofing  of  Fabrics.    Trans,  by  A.  Morris  and  H. 

Robson Svo,    *a  50 

Miller,  E.  H.    Quantitative  Analysis  for  Mining  Engineers 8vo,    *z  50 

Miller,  G.  A.    Determinants.    (Science  Series  No.  Z05.) i . . .  i6mo, 

Milroy,  M.  E.  W.    Home  Lace-making zamo,    *z  00 

Minifie,  W.    Mechanical  Drawing 8vo,    *4  00 

Mitchell,  C.  F.,  and  G.  A.    Building  Construction  and  Drawing. . .  zamo, 

Elementary  Course *z  50 

Advanced  Course *3  50 

Mitchell,  C.  A.,  and  Prideaux,  R.  M.    Fibres  Used  in  Textile  and  Allied 

Industries 8vo,    *$  00 

Modem  Meteorology zamo,      z  50 

Monckton,  C.  C.  F.    Radiotelegraphy.    (Westminster  Series.) 8vo,    fa  00 

Monteverde,  R.  D.    Vest  Pocket  Glossary  of  English-Spanish,  Spanishr 

English  Technical  Temu 64mo,  leather,    *z  00 
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Moore,  B.  C.  S.    New  Tables  for  fhe  Complete  Solution  of  Oanguittet  and 

Kutter'g  Formula 8to,    *5  oo 

Morecroft,  J.  H.,  and  Hehre,  F.  W.    Short  Course  in  Electrical  Testing. 

8tO| 
Moreing,  C.  A.,  and  Neal,  T.    New  General  and  Mining  Telegraph  Code,  8vo, 

Morgan,  A.  P.    Wireless  Telegraph  Apparatus  for  Amateurs zamo, 

Moses,  A.  J.    The  Characters  of  Crystals 8yo, 

Moses,  A.  J.,  and  Parsons,  C.  L.    Elements  of  Mineralogy 8yo, 

Moss,  S.  A.  Elements  of  Gas  Engine  Design.  (Science  Series  If  o.Z2i.)i6mo, 
The  Lay-out  of  Corliss  Valye  Gears.  (Science  Series  Ro.  119.).  z6mo, 

Mulford,  A.  C.    Boundaries  and  Landmarks z2mo, 

MuUin,  J.  P.    Modem  Moulding  and  Pattern-making zamo, 

Munby,  A.  E.    Chemistry  and  Physics  of  Building  Materials.    (Westmin- 
ster Series.) .8vo, 

Murphy,  J.  G.    Practical  Mining z6mo, 

Murray,  J.  A.    Soils  and  Manures.    (Westminster  Series.) . .     ... . , . .  Svo, 

If aquet,  A.    Legal  Chemistry zamo, 

Rasmith,  J.    The  Student's  Cotton  Spumhig 8vo, 

Recent  Cotton  Mill  Construction zamo, 

Neave,  G.  B.,  and  Heilbron,  I.  M.    Identiflcatioa  of  Organic  Compounds. 

zamo, 

Neilson,  R.  M.    Aeroplane  Patents 8to, 

Rerz,  F.    Searchlights.    Trans,  by  C.  Rodgers 8to, 

If  esbit,  A.  F.    Electricity  and  Magnetism {In  Preparation,) 

If  euberger,  H.,  and  Noalhat,  H.    Technology  of  Petroleum.    Trans,  by  J. 

G.  Mcintosh 8to, 

Newall,  J.  W.    Drawing,  Sizing  and  Cutting  Bevel-gears. 8vo, 

Nicol,  G.    Ship  Construction  and  Calculations 8vo, 

Ifipher,  F.  E.    Theory  of  Magnetic  Measurements zamo, 

Nisbet,  H.    Grammar  of  Textile  Design .^ Svo, 

Nolan,  H.    The  Telescope.    (Science  Series  No.  5z.) z6mo, 

Noll,  A.    How  to  Wire  Buildings zamo. 

North,  H.  B.    Laboratory  Notes  of  Experiments  in  General  Chemistry. 

(In  PrsM.) 
Nugent,  E.    Treatise  on  Optics zamo,      z  50 

O'Connor,  H.    The  Gas  Engineer's  Pocketbook. zamo,  leather,  3  50 

Petrol  Air  Gas zamo,  ♦o  75 

Ohm,  G.  S.,  and  Lockwood,  T.  D.    Galvanic  Circuit.    Translated  by 

William  Francis.    (Science  Series  No.  zoa.) z6mo,  0  So 

Olsen,  J.  C.    Text-book  of  Quantitative  Chemical  Analysis 8vo,  ^4  00 

Olsson,  A.    Motor  Control,  in  Turret  Turning  and  Gun  Elevating.    (U.  S. 

Navy  Electrical  Series,  No.  z.) zamo,  paper,  *o  50 

Oudin,  M.  A,    Standard  Polyphase  Apparatus  and  Systems 8vo,  *3  00 

Pakes,  W.  C.  C,  and  Nankivell,  A.  T.    The  Science  of  Hygiene.  .Svo,    *z  75 
Palaz,  A.    Industrial  Photometry.    Trans,  by  G.  W.  Patterson,  Jr..  .8vo,    *4  00 

Pamely,  C.    Colliery  Manager's  Handbook 8vo,  *zo  00 

Parr,  G.  D.  A.    Electrical  Engineering  Measuring  Instruments 8vo,    *3  50 

Parry.  E.  J.    Chemistry  of  Essential  Oils  and  Artificial  Perfumes 8vo,    *5  00 
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Parrj,  B.  J,    Foods  and  Druss.    TwoVolnises Sto, 

VoL  L    Chemical  and  Microscopical  Analysis  of  Foods  and  Drugs.  *7  SO 

Vol.  IL    Sale  of  Food  and  Drugs  Act *3  oo 

Parry,  E.  J.,  and  Costa,  J.  H.    Chemistry  of  Pigments 8vo,  *4  50 

Parry,  L.  A.    Risk  and  Dangers  of  Various  Occupations 8vo,  *3  00 

Parshall,  H.  F.,  and  Hobart,  H.  H.    Armature  Windings 4to,  *7  50 

Electric  Railway  Engineering 4to,  *io  00 

Parshall,  H.  F.,  and  Parry,  E.    Electrical  Equipment  of  Tramways. . . .  {In  Press.) 

Parsons,  S.  J.    Malleable  Cast  Iron 8to,  *2  50 

Partington,  J.  R.    Higher  Mathematics  for  Chemical  Students,  .zamo,  *a  00 

Passmore,  A.  C.    Technical  Terms  Used  in  Architecture 8vo,  *3  50 

Paterson,  G.  W.  L.    Wiring  Calculations lamo,  *a  00 

Patterson,  D.    The  Color  Printing  of  Carpet  Yarns 8vo,  *3  50 

Color  Matching  on  Textiles 8vo,  ^3  00 

The  Science  of  Color  Mixing 8vo,  *3  00 

Paulding,  C.  P.    Condensation  of  Steam  in  Covered  and  Bare  Pipes    8?o,  *a  00 

Transmission  of  Heat  through  Cold-storage  Insulation i2mo,  *i  00 

Payne,  D.  W.    Iron  Founders'  Handbook (In  Press.) 

Peddle,  R.  A.    Engineering  and  Metallurgical  Books lamo,  *z  50 

Peirce,  B.    System  of  Analytic  Mechanics 4to,  zo  00 

Pendred,  V.    The  Railway  Locomotive.    (Westminster  Series.) 8vo,  *3  00 

Per  kin,  F.  M.    Practical  Methods  of  Inorganic  Chemistry Z2mo,  *z  00 

Perrigo,  O.  E.    Change  Gear  Devices 8vo,  z  00 

Perrine,  F.  A.  C.    Conductors  for  Electrical  Distribution 8vo,  *3  50 

Perry,  J.    Applied  Mechanics 8vo,  *2  50 

Petit,  G.    White  Lead  and  Zinc  White  Paints 8vo,  *z  50 

Petit,  R.    How  to  Build  an  Aeroplane.    Trans,  by  T.  O'B.  Hubbard,  and 

J.  H.  Ledeboer 8vo,  *z  50 

Pettit,  Lieut.  J.  S.    Graphic  Processes.     (Science  Series  No.  76.) . . .  z6mo,  o  50 
Philbrick,  P.  H.    Beams  and  Girders.    (Science  Series  No.  C8.) . . .  z6mo, 

Phillips,  J.    Engineering  Chemistry , 8vo,  *4  50 

Gold  Assaying 8vo,  ♦a  50 

Dangerous  Goods 8vo,  3  50 

Phin,  J.    Seven  Follies  of  Science z2mo,  *z  25 

Pickworth,  C.  N.    The  Indicator  Handbook.    Two  Volumes.  .z2mo,  each,  z  50 

Logarithms  for  Beginners Z2mo*  boards,  o  50 

The  Slide  Rule z2mo,  i  00 

Plattner's  Manual  of  Blow-pipe  Analysis.    Eighth  Edition,  revised.   Trans. 

by  H.  B.  Cornwall 8vo,  *4  00 

Plympton,  G.  W.  The  Aneroid  Barometer.   (Science  Series  No.  35.)  z6mo,  o  50 

How  to  become  an  Engineer.     (Science  Series  No.  zoo.) z6mo,  o  50 

Van  Nostrand's  Table  Book.     (Science  Series  No.  Z04.) z6mo,  o  50 

Pochet,  M.  L.    Steam  Injectors.    Translated  from  the  French.    (Science 

Series  No.  29.) z6mo,  o  50 

Pocket  Logarithms  to  Four  Places.    (Science  Series  No.  65.) z6mo,  o  50 

leather,  z  00 

Polleyn,  F.    Dressings  and  Finishings  for  Textile  Fabrics. 8vo,  ^3  00 

Pope,  F.  L.    Modern  Practice  of  the  Electric  Telegraph. . .' 8vo,  z  50 

Popplewell,  W.  C.  Elementary  Treatise  on  Heat  and  Heat  Engines. .  z2mo,  *3  00 

Prevention  of  Smoke 8vo,  ^3  50 

Strength  of  Materials 8vo,  *z  75 
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Porter,  J.  R.    Helicopter  Flying  Machine zamo,  ^z  25 

Potter,  T.    Concrete 8vo,  *$  00 

Potts,  H.  E.    Chemistry  of  the  Rubber  Industry.    (Outlines  of  Indus- 
trial Chemistry) 8to,  *a  00 

Practical  Compounding  of  Oils,  Tallow  and  Grease 8yo,  *3  50 

Practical  Iron  Founding i3mo,  z  50 

Pratt,  K.    Boiler  Draught zamo,  *z  25 

Pray,  T.,  Jr.    Twenty  Years  with  the  Indicator Svo,  a  50 

Steam  Tables  and  Engine  Constant Svo,  a  00 

Calorimeter  Tables Svo,  z  00 

Preece,  W.  H.    Electric  Lamps {In  Press.) 

Prelini,  C.    Earth  and  Rock  Ezcavation Svo,  *3  00 

Graphical  Determination  of  Earth  Slopes Svo,  *a  00 

Tunneling.    New  Edition Svo,  ^3  00 

Dredging.    A  Practical  Treatise Svo,  *3  00 

Prescott,  A.  B.    Organic  Analysis Svo,  5  00 

Prescott,  A.  B.,  and  Johnson,  O.  C.    Qualitative  Chemical  Analysis. .  .Svo,  *3  50 
Prescott,  A.  B.,  and  Sullivan,  £.  C.    First  Book  in  Qualitative  Chemistry. 

lamo,  *i  50 

Prideauz,  E.  B.  R.    Problems  in  Physical  Chemistry Svo,  *a  00 

Pritchard,  O.  G.    The  ISanufacture  of  Electric-light  Carbons.  .Svo,  j^per,  *o  60 
Pullen,  W.  W.  F.    Application  of  Graphic  Methods  to  the  Design  of 

Structures lamo,  *2  50 

Injectors:  Theory,  Construction  and  Working i2mo,  *z  50 

Pulsifer,  W.  H.    Notes  for  a  History  of  Lead Svo,  4  00 

Purchase,  W.  R.    Masonry zamo,  *3  00 

Putsch,  A.    Gas  and  Coal-dust  Firing Svo,  *3  00 

Pynchon,  T.  R.    Introduction  to  Chemical  Phjrsics Svo,  3  00 

« 

Rafter  G.  W.    Mechanics  of  Ventilation.    (Science  Series  No.  33.) .  i6mo,  o  50 

Potable  Water.     (Science  Series  No.  Z03.) i6mc  50 

— -^  Treatment  of  Septic  Sewage.     (Science  Series  No.  zzS.) i6mo  50 

Rafter,  G.  W.,  and  Baker,  M.  N.    Sewage  Disposal  in  the  United  States. 

4to,  *6  00 

Raikes,  H.  P.    Sewage  Disposal  Works Svo,  *4  00 

Railway  Shop  Up-to-Date 4to,  a  00 

Ramp,  H.  M.    Foundry  Practice (/n  Press.) 

Randall,  P.  M.    Quartz  Operator's  Handbook. zamo,  a  00 

Randau,  P.    Enamels  and  Enamelling Svo,  *4  00 

Rankine,  W.  J.  M.    Applied  Mechanics Svo,  5  00 

Civil  Engineering Svo,  6  50 

Machinery  and  Millwork    Svo,  5  00 

< The  Steam-engine  and  Other  Prime  Movers. Svo,  5  00 

Useful  Rules  and  Tables Svo,  4  00 

Rankine,  W.  J.  M.,  and  Bamber,  E.  F.    A  Mechanical  Text-book. . . .  Svo,  3  50 
Raphael,  F.  C.    Localization  of  Faults  in  Electric  Light  and  Power  Mains. 

Svo,  ^3  00 

Rasch,  E.    Electric  Arc  Phenomena.    Trans,  by  K.Tomberg  .(/n  Press.) 

Rathbone,  R.  L.  B.    Simple  Jewellery Svo,  *a  00 

Rateau,  A.    Flow  of  Steam  through  Nozzles  and  Orifices.     Trans,  by  H. 

B.  Brydon Svo,  *z  50 
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Ratssenbercer,  F.    The  Theory  of  fhe  Recoil  of  Gnus Sto,  *4  90 

Ratttenstrtttch,  W.    Notes  on  the  Elements  of  Kachiiie  Design. SyOyboards,  *z  50 
Rautenstrauchy  W.,  and  Williams,  J.  T.    Iffschine  Drafting  and  Empirical 
Design. 

Part  L  Machine  Drafting 8yo,  *i  25 

Part  n.  Empirical  Design (In  Preparation,) 

Raymond,  E.  B.    Alternating  Current  Engineering lamo,  *a  50 

Rayner,  H.    Silk  Throwing  and  Waste  Silk  Spinning 8vo,  *a  50 

Recipes  for  the  Color,  Paint,  Varnish,  Oil,  Soap  and  Drysaltery  Trades. 8yo,  ^3  50 

Recipes  for  Flint  Glass  Making lamo,  *4  50 

Redfem,  J.  B.    Bells,  Telephones  (Liatdlatioa  Mamiala  Series)  i6mo, 

(In  Pre$a.) 

Redwood,  B.    Petroleum.    (Science  Series  Ho.  93.) i6mo,  o  50 

Reed's  Engineers'  Handbook Sto,  *$  00 

Key  to  the  Nineteenth  Edition  of  Reed's  Engineers'  Handbook.  .8vo,  *3  00 

Useful  Hints  to  Sea-going  Engineers zamo,  i  50 

«—  Marine  Boilers lamo,  2  00 

Guide  to  the  Use  of  the  Slide  Valve zamoi  *z  60 

Reinhardt,  C.  W.    Lettering  for  Draftsmen,  BngineerS|  and  Students. 

oblong  4to,  boardSi  t  00 

The  Technic  of  Mechanical  Drafting oblong  4to,  boardSi  *t  00 

Reiser,  F.    Hardening  and  Tempering  of  SteeL    Trans,  by  A.  Morris  and 

H.  Robson iamO|  *a  50 

Reiser,  If .    Faults  in  the  Manufacture  of  Woolen  Goods.    Trans,  by  A. 

Morris  and  H.  Robson Sto,  *a  50 

Spinning  and  Weaving  Calculations Svo,  *$  00 

Renwick,  W.  G.    Marble  and  Marble  Working 8vo,  5  00 

Reynolds,  0.,  and  Idell,  F.  E.    Triple  Expansion  Engines.    (Science 

Series  No.  gg.) x6mO|  o  50 

Rhead,  G.  F.    Simfde  Structural  Woodwork xamo,  *z  00 

Rice,  J.  M.,  and  Johnson,  W.  W.    A  New  Method  of  Obtaining  the  Differ- 
ential of  Functions xamo,  o  50 

Richards,  W.  A.,  and  North,  H.  B.    Manual  of  Cement  Testing xamo,  *z  50 

Richardson,  J.    The  Modem  Steam  Engine 8to,  *3  50 

Richardson,  S.  S.    Magnetism  and  Electricity zamo,  *2  00 

Rideal,  S.    Glue  and  Glue  Testing 8vo,  *4  00 

Rlmmer,  E.  J.    Boiler  Explosions,  Collapses  and  Mishaps 8vo,  *x  75 

Rings,  F.    Concrete  in  Theory  and  Practice xamo,  *a  50 

Ripper,  W.    Course  of  Instruction  in  Machine  Drawing folio,  *6  00 

Roberts,  F.  C.    Figure  of  the  Earth.    (Science  Series  No.  79.) z6mo,  o  50 

Roberts,  J.,  Jr.    Laboratory  Work  in  Electrical  Engineering 8vo,  *a  00 

Robertson,  L.  S.    Water-tube  Boilers 8vo,  2  00 

Robinson,  J.  B.    Architectural  Composition 8vo,  *a  50 

Robinson,  S.  W.    Practical  Treatise  on  the  Teeth  of  Wheels.     (Science 

Series  No.  34.) x6mo,  o  50 

— —  Railroad  Economics.    (Science  Series  No.  59.) x6mo,  o  50 

Wrought  Iron  Bridge  Members.     (Science  Series  No.  60.) x6mo,  o  50 

Robson,  J.  H.    Machine  Drawing  and  Sketching Svo,  *z  50 

Roebling,  J  A.    Long  and  Short  Span  Railway  Bridges folio,  25  00 

Rogers,  A.    A  Laboratory  Guide  of  Industrial  Chemistry zamo,  *z  50 

Rogers,  A.,  and  Aubert,  A.  B.    Industrial  Chemistry. 8vo,  *5  00 
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Rogers,  F.    Kagnetism  of  Iron  Venels.    (Scionoo  Series  No.  30.) . .  z6mOy  o  50 
Rohland,  P.    Colloidal  and  Cyrstalloidal  State  of  Matter.    Trans,  by 

W.  J.  Britland  and  H.  £.  Potts lamo,  ^z  2$ 

Rollins,  W.    Notes  on  X-Li^^t 8to,  ^5  60 

RoUinson,  C.    Alphabets Oblong,  lamo,  *z  00 

Rose,  J.    The  Pattem-makers'  Assistant 8vo,  2  so 

Key  to  Engines  and  Engine-running z2mo,  2  50 

Rose,  T.  K.    The  Precious  Metals.    (Westminster  Series.) 8vo,  *2  00 

Rosenhain,  W.    Glass  Manufacture.    (Westminster  Series.) 8vo,  *2  00 

Ross,  W.  A.    Plowpipe  in  Chemistry  and  Metallurgy zamo,  *2  00 

Rossiter,  J.  T.    Steam  Engines.    (Westminster  Series.).. . .8vo  {In  Press.) 
— —  Pumps  and  Pumping  Machinery.     (Westminster  Series.) 8vo, 

(/n  Press,) 

Roth.    Physical  Chemistry 8vo,  *2  00 

Rouillion,  L.    The  Economics  of  Manual  Training 8vo*,  2  00 

Rowan,  F.  J.    Practical  Physics  of  the  Modem  Steam-boiler 8yo,  *3  00 

Rowan,  F.  J.,  and  Idell,  F.  E.    Boiler  Incrustation  and  Corrosion. 

(Science  Series  No.  27.) z6mo,  o  50 

Roxburgh,  W.    General  Foundry  Practice 8vo,  *3  50 

Ruhmer,  E.    Wireless  Telephony.    Trans,  by  J.  Erskine-Murray 8to,  *3  50 

RusseU,  A.    Theory  of  Electric  Cables  and  Networks 8yo,  *3  00 

Sabine,  R.    History  and  Progress  of  the  Electric  Telegraph z2mo,  z  25 

Saeltzer  A.    Treatise  on  Acoustics Z2mo,  z  00 

Salomons,  D.    Electric  Light  Installations.     Z2mo. 

VoL  L    The  Management  of  Accumulators a  50 

VoL  n.    Apparatus ^ 2  25 

VoL  m.    Applications i  50 

Sanford,  P.  6.    Nitro-explosives 8vo,  *4  00 

Saunders,  C.  H.    Handbook  of  Practical  Mechanics z6mo,  z  00 

leather,  z  25 

Saunnier,  C.    Watchmaker's  Handbook z2mo,  3  00 

Sayer^  H.  M.    Brakes  for  Tram  Cars 8vo,  *z  25 

Scheele,  C.  W.    Chemical  Essays 8yo,  *2  00 

Schellen,  H.    Magneto-electric  and  Dsmamo-electric  Machines 8to,  5  00 

Scherer,  R.    Casein.    Trans,  by  C.  Salter 8to,  *3  00 

Schidrowitz,  P.    Rubber,  Its  Production  and  Industrial  Uses 8yo,  *5  00 

Schindler,  K.    Iron  and  Steel  Construction  Works z2mo,  *z  25 

Schmall,  C.  N.    First  Course  in  Analytic  Geometry,  Plane  and  Solid. 

z2mo,  half  leather,  *z  75 

Schmall,  C.  N.,  and  Shack,  S.  M.    Elements  of  Plane  Geometry z2mo,  *z  25 

Schmeer,  L.    Flow  of  Water 8vo,  *3  00 

Schumann,  F.    A  Manual  of  Heating  and  Ventilation z2mo,  leather,  z  50 

Schwarz,  B.  H.  L.    Causal  Geology 8vo,  *2  50 

Schweizer,  V.,  Distillation  of  Resins 8yo,  *3  $0 

Scott,  W.  W.    Qualitatiye  Analysis.    A  Laboratory  ManuaL 8yo,  *z  50 

Scribner,  J.  M.    Engineers'  and  Mechanics'  Companion . . .  z6mo,  leather,  z  50 

Searle,  A.  B.    Modem  Brickmaking 8yo,  *5  00 

Searle,  G.  M.    **  Sumners'  Method."    Condensed  and  Improyed.   (Science 

Series  No.  Z24.) z6mo,  o  50 

Seaton,  A.  B.    Manual  of  Marine  Engineering 8yo,  6  00 
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Swinburne,  J.,  Wordingham,  C.  H.,  and  Martin,  T.  €•    Icteric  Cnrrenta. 

(Science  Series  No.  Z09.) x6mo,  o  50 

Swoope,  C.  W.    Practical  Lessons  in  Electricity xamo,  *2  00 

Tailfer,  L.    Bleaching  Linen  and  Cotton  Yam  and  Fabrics 8yo,  *5  00 

Tate,  J.  S.    Surcharged  and  Different  Forms  of  Retaining-waUs.    (Science 

Series  No.  7.) i6mo,  o  50 

Taylor,  B.  N.    Small  Water  Suppliea x2mo,  *a  00 

Templeton,  W.    Practical  Mechanic's  Workshop  Companion. 

zamo,  morocco,  a  00 
Terry,  H.  L.    India  Rubber  and  its  Manufacture.    (Westminster  Series.) 

Svo,  *a  00 
Thayer,  H.  R.    Structural  Design.    Sto. 

Vol.     L    Elements  of  Structural  Design ^00 

VoL   n.    Design  of  Simple  Structures (/n  Preparaiion,) 

Vol.  in.    Design  of  Advanced  Structures (In  PreparaH&rD 

Thie8S,J.B.andJoy,G.A.    Toll  Telephone  Practice Svo,  ^3  50 

Thom,  C,  and  Jones,  W.  H.    Telegraphic  Connections oblong  lamo,  z  50 

Thomas,  C.  W.    Paper-makers'  Handbook (In  Pres8.) 

Thompson,  A.  B.    Oil  Fields  of  Russia 4to,  *7  50 

Petroleum  Mining  and  Oil  Field  Development 8vo,  *5  00 

Thompson,  £.  P.    How  to  Make  Inventions 8vo,  o  50 

Thompson,  S.  P.    Dynamo  Electric  Machines.    (Science  Series  No.  75.) 

i6mo,  o  So 

Thompson,  W.  P.    Handbook  of  Patent  Law  of  All  Countries z6mo,  z  so 

Thomson,  G.  S.    Milk  and  Cream  Testing zamo,  *z  75 

Modem  Sanitary  Engineering,  House  Drainage,  etc 8vo,  *3  00 

Thomley,  T.    Cotton  Combing  Machines 8vo,  ^3  00 

Cotton  Spinning.    8vo. 

First  Year ♦z  so 

Second  Year *a  so 

Third  Year ♦a  50 

Thurso,  J.  W.    Modem  Turbine  Practice 8vo,  *4  00 

Tidy,  C.  Meymott    Treatment  of  Sewage.    (Science  Series  No.  94.).  z6mo,  o  so 

Tinney,  W.  H.    Gold-mining  Machinery 8vo,  *3  00 

Titherley,  A.  W.     Laboratory  Course  of  Organic  Chemistry 8vo,  *a  00 

Toch,  M.    Chemistry  and  Technology  of  Mixed  Paints 8vo,  *3  00 

Materials  for  Permanent  Painting zamo,  *2  00 

Todd,  J.,  and  Whall,  W.  B.    Practical  Seamanship 8vo,  *7  so 

Tonge,  J.    CoaL     (Westminster  Series.) 8vo,  *a  00 

Townsend,  F.    Alternating  Current  Engineering 8vo,  boards  *o  7S 

Townsend,  J.    Ionization  of  Gases  by  Collision 8vo,  *z  3$ 

Transactions  of  the  American  Institute  of  Chemical  Engineers.    8vo. 

VoL     I.    X908 *6  00 

Vol.    n.    Z909 ♦d  00 

Vol.  HI.     X9Z0 '^  00 

Vol.  IV.    X9XZ •6  00 

Traverse  Tables.    (Science  Series  No.  zzsO z6mo,  o  50 

morocco,  z  00 
Trinks,  W.,  and  Housum,  C.    Shaft  Governors.    (Science  Series  No.  zaa.) 

x6mOy  0  50 
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Trowbridge,  W.  P.    Turbine  Wheels.    (Science  Series  No.  44.) x6mo, 

Tncker,  J.  H.    A  Manual  of  Sugar  Analysis 8vo, 

Tomlirz,  O.    PotentiaL    Trans,  by  D.  Robertson x3mo, 

Tanner,  P.  A.    Treatise  on  Roll-turning.    Trans,  by  J.  B.  Pearse. 

8vo,  text  and  folio  atlas, 

Turbayne,  A.  A.    Alphabets  and  Numerals 4to, 

TurnbuU,  Jr.,  J.,  and  Robinson,  S.  W.    A  Treatise  on  the  Compound 

Steam-engine,     (Science  Series  No.  8.) i6mo, 

Turrill,  S.  M.    Elementary  Course  in  Perspective lamo, 

UnderhiU,  C.  R.    Solenoids,  Electromagnets  and  Electromagnetic  Wind- 
ings  X2mo, 

Universal  Telegraph  Cipher  Code i2mo, 

Urquhart,  J.  W.    Electric  Light  Fitting lamo, 

—  Electro-plating zamo, 

Electrotyping x2mo, 

Electric  Ship  Lighting zamo, 

Usbome,  P.  O.  G.    Design  of  Simple  Steel  Bridges 8vo, 

Vacher,  F.    Food  Inspector's  Handbook x2mo, 

Van  Nostrand's  Chemical  Annual.    Second  issue  xgog xamo, 

— —  Tear  Book  of  Mechanical  Eoghieering  Data.   First  issue  xgxa . . .  (/n  Press.) 

Van  Wagenen,  T.  F.    Manual  of  Hydraulic  Mining i6mo, 

Vega,  Baron  Von.    Logarithmic  Tables 8vo,  half  morocco, 

Villon,  A.  M.    Practical  Treatise  on  the  Leather  Industry.    Trans,  by  F. 

T.  Addyman 8vo, 

Vincent,  C.    Ammonia  and  its  Compounds.    Trans,  by  M.  J.  Salter.  .8vo, 

Volk,  C.    Haulage  and  Winding  Appliances 8to, 

Von  Georgievics,  G.    Chemical  Technology  of  Textile  Fibres.    Trans,  by 

C.  Salter 8vo, 

Chemistry  of  Dyestufifs.    Trans,  by  C.  Salter 8vo, 

Voee,  G.  L.    Graphic  Method  for  Solvinc;  Certain  Questions  in  Arithmetic 

and  Algebra.    (Science  Series  No.  x6.) x6mo, 

Wabner,  R.    Ventilation  in  Mines.    Trans,  by  C.  Salter 8to, 

Wade,  E.  J.    Secondary  Batteries 8vo, 

Wadmore,  T.  M.    Elementary  Chemical  Theory xamo, 

Wadsworth,  C.    Primary  Battery  Ignition x2mo, 

Wagner,  E.    Preserving  Fruits,  Vegetables,  and  Meat xamo, 

Waldram,  P.  J.    Principles  of  Structural  Mechanics xamo. 

Walker,  F.    Aerial  Navigation 8vo, 

Dynamo  Building.    (Science  Series  No.  98.) x6mo, 

Electric  Lighting  for  ICarine  Engineers 8vo, 

Walker,  S.  F.    Steam  Boilers,  Engines  and  Turbines 8vo, 

Refrigeration,  Heating  and  Ventilation  on  Shipboard xamo, 

Electricity  in  Mining 8vo, 

Walker,  W.  H.    Screw  Propulsion 8vo, 

Wallis-Tayler,  A.  J.    Bearings  and  Lubrication. 8vo, 

Aeriid  or  Wire  Ropeways 8v0y 

Modern  Cycles 8vo, 

Motor  Cars 8vo, 

<— —  Motor  Vehicles  for  Business  Purposes 8vo, 
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